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GCCAGCCCCC TGATGGEEEEC GACACTOCAC CATGAATCAC TOCCCTGIGA 90
GGERACTACTG TCITCACGCA GRAAAGOGICT AGCCATGOCOG TTAGTATGAG 100
TGTCGIGCAG CCTCCAGEAC COCCCCTAC QAERAGAGCCA TAGTOGICTG 150
CGERAACOUGT GAGTACACCG GAATTCOCAG GACGACCGEG TCCITICTIG 200
GATAAACCCG CTCAATGCCT CGAGATTTAS GOGTCOCCCC GCAAGACTGC 250
TAGCCGAGTA GTGTTIGGGIC CCGAAAGGCC TTGTGGTACT GOCTGATAGG 300
GIGCTTGCRA GTGOOCCEEG AGGTCTOGTA GACOGTGCAC CATGAGCAOG 350
AATCCTARAC CTCAAAGAAA AACCAAALGT AACACCAACC GTUGOCCACA 400

TOCOCGCAG GEXCCTAGA TTGGGTGTIGC GOCGACEAG GAAGACTTCC 500
GAGOGEGETCAEC AACCTOGAGG TAGACGTCAG CCTATCCOCA AGGCAOGTOG 550
GOOCGAGEEC AGGACCTEEG CTCAGCCORG GTACCCTING CQOCICTATG 600
GCCAATGAOEG TTCOGEGETGG GOGGEATEEC TACTGITTOC COGTEECICT 650
CAGEOCTAGCT GGEEECOCCAC AGACOOCCEG CGTAGGTURC GCAATTTGGSG 700
TAAGGTCATC GATACCCTTA CGTGOGECTT CGCCGACCIC ATGGGGTACA 750
TACCGCTOGT CGGOECCCCT CTTAGACOCG CTOCCAGEEC CCTEECGECAT 800
GECETOCGGE TTCTCGEAAGA COCOGTERAALC TATGCAACAG GGAALCTTCC 850
TGGTTGCTCT TICTCTATCT TCCTTCTAAC CCTGCTCICT TGCCTGACTG 500
TCOCCACTTC AGCCTACCAA GIGCACAATT CCTCGEAGCT TTACCATGTC 550
ACCAATGATT GOCCTAACTC GAGTATTGIGC TACGAGGOGG COGATGOCAT 1000
CCTECACACT CCEEGGIGTIG TCCCTTAOGT TOGCGAGEGT AACCCCTOGA. 1050
GGTCTTGEEGT CCOGGTEACC CCCACGGTGG CCACCAOEGA CAGCAAACTC 1100
QCOCACRACAT ACGCTTOGACG TCATATCGAT CTGCTTGIOG GAAGCGOCAC 1150
CCTCTGCTOG GOCCTCTACG TGGEGEEACCT GIGOGGGICT GICTTICTIG 1200
TIGGTCAACT GITIACCTIC TCTCCOCAGGC GOCALTGEGAC GACGCAAGARC 1250
TGCAATTGTT CTATCTATCC QGGCCATATA AOGGGTCATC GCATGGCATG 1300
GEATATGATG ATGAACTGGT COCCTAOGGEC AGCGTTGGEIG GIAGCTCAGC 1350
TGCTCCGEAT CQCACAAGOT ATCATGEACA TGATCXCTGG TACTCACTGG 1400
GGAGTCCTGG CGGGCATAGC GTATTTCICC ATGGTGEGGEA ACTGECCGAA 1450
GGTOCTIGGTA GIGCTAOTAC TATTTEOOEG CGTUGALGAG GARAACCCACG 1500
TCACCGEEEG ARATGOOEEC CGCACCACRG CTGSECTIGT TGGETCICCIT 1550
ACACCAGECG CCAAGCAGAA CATCCAACTG ATCAACACCA ACGECAGTIG 1600
GCACATCAAT AGCACGGCOCT TGAATTGCAA TGAAMGCCTT AACACCGACT 1650
GGTTAGCAGG GCICTICTAT CAACACAAAT TCAACTICTIC AGGCTIGICCT 1700
GAGAGGTTGG CCAGCTGOCG ACGOCTTACC GATTTIGOCC AGGGCTGGEG 1750
TCCTATCAGT TATGCCAALG GAAGCGGOCT CGACGAACGC CCCTACTGCT 1800
GGCACTAOCC TOCAAGACCT TGIGGCATTG TGOCCGCARA GARGOGTGTGT 1830
GGQOQOGGETAT ATTGCTTCAC TOOCAGOCCC GIGGTGGIGG GAACGACCGA 1900
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CAGGTCEGEEC GOGCCTACCT ACAGCTAAEG TOCAAATGAT ACGGATGICT 1950
TCOGICCTTAA CAACAOCAGG CCACCECTGG CCAATTGGTT CGGTTIGIACC 2000
TGGRATGAACT CAACTGGATT CACCARAGTG TCOSGAGOGC COCCTIGIGT 2050
CATOGGAGGEG GTGAGCAACA ACACCTTGCT CTGCCCCACT GATTGCTICC 2100
GCAAACATCC GEAAGCCACA TACTCTOGGT GOGGCTCOOEG TOCCTGEAIT 2150
ACAOCCAGGT GCATGGIOGA CTACCOGTAT AGCTTIGEC ACTATCCTIG 2200
TACCATCAAT TACAQCATAT TCAAAGTCAG GATGTACGIG GGAGGGSGICG 2250
AGCACAGGCT GERAAGRCEGECC TOCAACTGGA CROGGEGEECEA ACCCIGTGAT 2300
CTGGAAGACA QOERACAGGIC CERAGCTCAGC COGTTIGCTEC TGTCCACCAC 2350
ACAGTOECAG GTCCTTCOGT GITCTTTCAC GACCCTGCCA GCCTTIGICCA 2400
CCGECCTCAT CCACCTOCAC CAGRACATTG TUGRACGIGCA GIACTIGIAC 2450
GGOETAGGGT CAAGCATOGC GICCTGGEECC ATTAAGIGGEG AGTACGIOGT 2500
TCTOCTGTTC CTTCTCCTIG CAGACROEOG CGICTIGCICC TACTTGIGEA 2550
TGATGTTACT CATATCCCAA GOGGERAGECEG CTTIGEAGAA CCTOGTAATA 2600
CTCAATGCAG CATCOCTGRC COEEACGCAC GGICTTGIGT CCTTCCTCGT 2650
GTTCITCIGC TTIGOGIGGET ATCTGAAGSG TAGGTGAGTG CCOGGABCRG 2700
TCTAOGOOCT CTACGGGATG TGECCTCTCC TCCTGCTACT GCTGEOGTIG 2750
QCTCAGORGS CATACCCACT GGACACGEAG GTGCCOGOGT CGIGIGEOGG 2800
QGTIGTICTT GTOGGGETTAA TCECCCTGAC TCIGTCGCCA TATTACAAGC 2850
GCTATATCAG CTGETGCATG TGGIGECTIC AGTATTITCT GACCAGAGTA 2500
GAAGOGCAAC TOCACGTGIG GGTTCOCCOC CTCAACGTCC GEEEEEEECG 2850
CEATGOCGIC ATCTTACTCA TGIGIGTAGT ACAOCCGACC CTGGTATITG 3000
ACATCACCAA ACTACTCCTG GOCATCITOG GACCCCTTIG GATTCTTCAA 3050
GOCAGITIGC TTAAAGTCCC CTACTICGTG CQGOGTICAAG GCCTICTCCG 3100
GATUTEOEOG CTAGCGCGGEA AGATAGCOGG AGGICATTAC GIGCAAATGG 3150
CCATCATCAA GITAGAGEGOG CTTACTGECA CCTATGIGTA TAACCATCIC 3200
ACCCCTCTTC GAGACTAGEEC GCACAACGGC CTGOGAGATC TAGOCGTARC 3250
TGTGGAACCA GTUGTCTICT COOGAATGEGA GACCAACCTC ATCACGIGEG 3300
GOECAGRATAC CGOUGOGTAC GETGACATCA TCAACGACTT GOCOGICTCT 3350
GOOCGTAGRG GOCAGGAGAT ACTGCTTGEG QCAGCCGACOG GAATGGICTIC 3400
CAAGEGGTIGG AGGTTGCTGS CGOCCATCAC GGOGTAOGCC CAGCAGACGA 3430
GAGGCCTOCT AGGGTGTATA ATCACCAGOC TGACTGGCOG GGACAAAAAC 3500
CAAGTOGAGS GIGAGGTCCA GATOGTGICA ACTGCTACCC AAACCTICCT 3550
GGCAACGTGC ATCAATGEGG TATGCTGGAC TGTCTACCAC GGAGCCGGRA 3600
CGAGGACCAT CGCATCACCC AAGRGTCCTG TCATCCAGAT GIATACCAAT 3650
GTGGACCAAG ACCTTGIGGG CTAGCCCGCT CCTCAAGGTT COOGCTCATT 3700
GACACCCTGT ACCTGOGECT CCTOOGACCT TTACCTGGIC ACGAGECACG 3750

 COGATGTCAT TOOOGTGOGC COOCGAGETG ATAGCAGGGG TAGCCTGCTT 3800
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TOGQCOOGEEC CCATTICCTA CTTRAAGRC TOCTOGEEESG GICOSCTGIT 3850
GIGOCCCECG GEACACGOOG TAEGOCTATT CAGREOOGOG GIGTACAYC 3900
GIGGAGIGEC TAAAGOGGETG GACTTTATCC CTGIGGEAGAA CCTAGOGACA 3950
ACCATGAGAT CQOQOGGTGIT CACGGACAAC TCCTCTCOCAC CAGCAGTGCC 4000
CQCAGAGCTTC CAGGTGGCCC ACCTGCATGC TCOCACCEGC AGOGGTARGA 4050
GCACCAAGGT COOGGCTGAG TAOGCAGOCC AGGGCTACAA GGIGTIGGIG 4100
CTCAAQCCCT CTGTTGCTAC AMJGCTGEEC TTTGGIGCTT ACATGTOCAA 4150
GGCOCCATGEG GTTGATCCTA ATATCAGGAC OGEGGTGAGA ACAATTACCA 4200
CTEGECAGOCC CATCAQGTAC TOCACCTAOG GCAAGTTCCT TOOOGRACEC 4250
GGGTGCTCAG GAGGTGCTTA TGACATAATA ATTIGTGACG AGIGCCACTC 4300
CACGGEATEOC ACATOCATCT TGGRGCATORG CACTGTOCTT GACCAAGCAG 4350
AGACTEOGEG GCCGAGACTG GTTGIGCTOG CCACTOCTAC COCTOOGERC 4400
TCCGTCACTG TGTCCOCATCC TAACATOGAG GAGGTTGCIC TGICCAQCAC 4450
CQEGAGAGATC CCCTITTACG GCAAGGCTAT CCOCCTCGAG GTGATCAAGG 4500
CEGGAAGACA TCTCATCTTC TGCCACTCAA AGAAGAAGTG CRACGAXCTTC 4550
GOOGCOGAAGC TEGTOGCATT GGGCATCAAT GOOGTGACCT ACTACCGCGG 4600
TCTTGACGIG TCTGTCATCC CGACCAGOGG CEATGTIGIC GIOGIGICGA 4650
QOGATGCICT CATGACTOGC TTTACCEEOG ACTTCOGACTC TGIGATAGAC 4700
TCCAACACGT GIGTCACTCA GACAGTCOGAT TICAGCCTIG ACCCTACCIT 4750
TACCATTGAG ACAACCACOGC TCOCCCAGGA TGCTGTCICC AGGACTCAAC 4800
GCOGGEECAG GACTAGCAGG GERRAAGCCAG GCATCTATAG ATTTGIGGCA 4850
CCGGEEEEAGC GCOCCTOOGG CATGTITORL TAGTOCGINC TCIGTEAGTG 4900
CTATGACGCG GCCTGTGCTT GGIATGAGCT CAOGOCCRCC GAGACTACAG 4950
TTACGCTACG AGCGTACATG AACACOOORG GGCTTCOOGT GIGCCAGGAC 5000
CATCTTGRAT TTTGGGAGEG CGICITIAOG GEOCTCACTC ATATAGATGC 5050
CCACTTTITA TCCCAGACAA AGCACGAGTGG GGAGAACTTT CCTTACCTGS 5100
TAGOGTACCA AGQCACQOGTG TOOGCTAGES CTCAAGOCOC TOCCCCATOS 5150
TCEGACCAGA TGTGEAAGTG TTTGATCOXC CTTAAACCCA CCCTCCATGG 5200
QCCAACACCC CTGCTATACA GACTGGOOGC TGTTCAGAAT GRAGTCACCC 5250
TGACGCACCC AATCACCAAA TACATCATGA CATGCATGIC GEOOGACCTG 5300
GAGGTCOGICA CGAGCACCTG GGTGCTOGTT GEOGAOGTOC TAGCTGCICT 5350
GGOCGCGTAT TAOCTGTCAA CAGRCTAOGT GGTCATAGTG GACAGGATCG 5400
TCTTGTICOGG GAAGCCAGCA ATTATACCTG ACAGGGAGGT TCTCTACCAG 5450
GAGTTCGATG AGATGGAAGA GIGCTCICAG CACTTACCGT ACATCGAGCA 5500
AGCGATGATG CTCOCTGAGC AGTTCAAGCA GAMGGOOCTC GOCCTCCTGC 5550
AGACOGCGTC COGOCATGCA GAGGTTATCA COOCTOCTGT CCAGACCAAC 5600
TCECAGAAAC TCGAGGTCTT TTGGOCGEAAG CACATGTGEA ATTTCATCAG 5650
TGEGATACAA TACTTAEIGG GOCTGTCAAC QUTGCOCTGGT AACCCOCCCA 5700
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TTGCTTCATT GATGGCTTIT ACAGCTGOCG TCACCAGOCC ACTAACACT 5750
GGCCAAACCC TCCTCTTCAA CATATTGEEG GGRGTGEGING CTGOCCAGCT 5800
CECAGRAACC GGTECCGCTA CTAOCITTIGT GAGIGCTEEC CTAGCTEEOG 5850
COGCATOSG CAGOGTTGGA CTOEGRAGG TCCTOGTGEA CATICTIGCA 5900
GGGTATEEG OSEE0GTEEC GAEAGCTCTIT GIAGCATTCA AGATCATGAS 5950
CRGTGAGGTC COCTCCAOGG AGRACCTGGT CAATCTGCTG OOOGOCATCC 6000
TCTCACCTGG ACCACTTGTA GTOGEGTIGIGG TCTGOGCAGRC AATACTEOXC 6050
CCECAOGTTG GOOOGGEECEA GEEEECAGTG CAATGGATGA ACOGGCTAAT 6100
AGCCTTOGOC TCCOGGGEEGA ACCATGTITC QOOCAORCAC TACGTEOSG 6150
AGAGOGATGC AGCORCCORC GTCACTGOCA TACTCAGCAG CCTCACTGTA 6200
ACCCAGCTCC TGAGGCGACT GCATCAGTGG ATAAGCTOGSG AGIGTACCAC 6250
TCCATGCTCC GGITCOCTGEC TAAGGEACAT CTGGGACTGG ATATGCGAGS 6300
TGCTGAGOGA CTTTAAGACC TGSCTGAAAG CCAAGCTCAT GCCACAACTG 6350
CCTCGEATTC CCITIGIGTC CTGOCAGAGC GOGTATAGGG GAGICTEEOE 6400
AGGAGACGEC ATTATGCACA CTOGCTGOCA CTGIGGAGCT GAGATCACIG 6900
GACATGTCAA AAACGGGACG ATGAGGATCOG TOSGTCCTAG GALCTGCAGG 6950
AACATGTGGA GTGOGACGTT CCCCATTAAC GOCTACACCA (OGOECOCCIG 6550
TACTCCCCTT CCTGOGCOGA ACTATAAGTT COCGCTIGIGG AGRGIGICIG 6600
CAGAGGAATA CGTGGAGATA AGCOGEGTEG GCGRACTICCA CTACGTIATCG 6650
GGTATGACTA CTGACAATCT TAAATECOCOG TGOCAGATCC CATCGCCCGA 6700
ATTTTTCACA GAATTGGACG GGGTACGCCT ACACAGGTTT GOGCOCCCIT 6750
GCAAGCCCIT GCTGOGGGAG GAGGTIATCAT TCAGAGTAGG ACTCCACGAG 6800
TACCCGGIGG GGTCACAATT ACCTTGOGAG COCOGAACCGEG ACGTAGCOGT 6850
GITGACGTCC ATGCTCACTG ATCCCTCOCA TATAACAGCA GAGECEEXG 6900
GGAGAAGGTT GGCGAGAGGEG TCACCOCCTT CTATGECOCAG CTCCTOEECT 6950
AGCCAGCTGT COGCTCCATC TCTCAAGGCA ACTTGCAOCG CCAACCATGA 7000
CTCCCCTGAC GCOGAGCTCA TAGAGGCTAA CCTCCIGIGG AGGCAGGAGA 7050
TEEEEGECAA CATCACCAGG GTTGAGICAG AGAACAANGT GGIGATICTG 7100
GACTCCTTCG ATOOGCTTGT GECAGAGEAG GATGAGOEEG AGGICTOOGT 7150
ACCTGCAGAA ATTCTGOGGA AGTCTOGGAG ATTOOCOCEG GOCCTECXG 7200
TCTAEEAR0G GOCEEACTAC AACCOCOOGC TAGTAGAGAC GTIGGRAAARAG 7250
CCTGACTACG AACCACCTGT GGICCATGEEC TEOOOACTAC CACCTCCACG 7300
GTCCCCTCCT GIGCCTOCRC CTCGGAAAAA GOGTACGGIG GICCICACCG 7350
AATCAACCCT ATCTACTGOC TTGGCOGAGC TTGOCACCAA AAGTTTIGGEC 7400
AGCTCCTCAA CTTCCOGGCAT TAOGGGOGAC AATACGACAA CATCCICTGA 7450
GCCOGOCOCT TCTEECTGOC COCCOGACTC CRACGTTAAG TCCTATICTT 7500
CCATGOOCCC CCTGGEAGEGG GAGCCTGERG ATOOGRATCT CAGOGACGEG 7550
TCATGGTCGA COGTCAGTAG TOGEEEOCGAC ACGGAAGATG TOGIGIGCIG 7600
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CTCAATGICT TATTCCTGGA CAGGOGCACT CGTCACOCOG TGOCTAEG 7650
AAGAMNCARAR ACTOOCCATC AAOGCACTGA GCAACTOGIT GCTAOGCCAT 7700
CACAATCTIGG TGTATTCCAC CACTTCACGC AGIGCTIGCC AAAMGGCAGAA 7750
GAAAGTCACA TTTGACAGAC TGCAAGTTCT GRACAGCCAT TACCAGGACG 7800
TGCTCAAGGA GETCAAAGCA GOGGOGTCAA AAGIGAMNIC TAACTTGCTA 7850
TOCGTAGAGG AAGCTTACAG CCTERACACCC CCACATTCAG CCAAATCCAA 7900
GITTGGCTAT GGGGCAAAAG ACGTOCOCTTG CCATOCCAGA AMGGCOOGT2G 7950
CCCACATCAA CTCOCGIGTGG AAAGACOCTTC TGEAAGACAG TGTAACACCA 8000
ATAGACACTA CCATCATOGC CAAGAACGAG GTTTICTCCG TICAGOCTGA 8050
GAAQGGGEGEET CGTAAGCCAG CTOGTCTCAT CGIGTTACCC GACCTGEXG 8100
TGOCGIGIG CGAGARAGATG GOCCTGTAOG ACGIGGTITAG CAAGCTCOCC 8150
CTGGCCGTGA TCGGAAGCTC CTACGGATTC CAATACTCAC CAGGACAOXG 8200
GGTITGAATTC CTOGTACRAAG CGTGGAAGTC CAAGAAGACC CCRATGGGGT 8250
TCTCGIATGA TACCOSCTGT TTTGACTCCA CAGICACTGA GAGCGACATC 8300
CGTACGGAGG AGGCAATTTA CCAATGTIGT GACCTGGACC CCCAAGCOOG 8350
CGTCGECCATC AAGTCCCTCA CTGAGAGECT TTATGTTGAG GAOCCTCTTA 8400
CCAATTCAAG GGGOGAAARC TGOGGCTACC GCAGGTCOOG CGOGAGOGGC 8450
GIACTGACAA CTAGCTGIGG TAACACCCTC ACTTGCTACA TCAAGGOQQG 8500
GGECAGCCTGET CGAGOOGCAG GECTCCAQGA CTACACCATG CTCGIGIGIG 8550
GCEACERCTT AGTCGTTATC TGTGRAAGTG CQOGGGEGICCA GERAGGACEDG 8600
GOGACCCTGA. GAGOCTTCAC GERAGCTATG ACCAGGTACT COBOCQOCCC 8650
CGOGGACCOC CCACAACCAG AATACGACTT GGAGCTITATA ACATCATGCT 8700
CCTOCAACGT GICAGTCGCC CACGACGEDG CTCGAAAGAG GGICTACTAC 8750
CTTACCOGTG ACCCTACAAC QOCCCTORNG AGAGCOGOGT GGGAGACAC 8800
ARAGACACACT CCAGTCAATT CCTAGCTAGG CAACATAATC ATGTITTGOCC 8850
CCACACTGIG GCOGAGGATG ATACTGATGA COCATTICIT TAGCOGICCIC 8500
ATAGCCAGGEG ATCAGCTTGA ACAGGCTICIT AACTGIGAGA TCTACGGAGC 8950
CIGCTACTCC ATAGAACCAC TGGATCTACC TCCAATCATT CAAAGACTCC 9000
ATGEECCTCAG CGCATTTTCA CTCCACAGTT ACTCTOCAGG TGAAATCAAT 5050
AGEETCECCG CATCCCTCAG AAAACTTGGEG GTCCCGOCCT TCCGAGCTTG 9100
GAGACACCGG GOCOGGAGOG TCOGCECTAG GCTTCIGICC AGAGGAGGCA 9150
GGGCTGCCAT ATGTGGCAAG TACCTICTTCA ACTGERCAGT AAGAACAARG 9200
CICAAACTCA CTCCAATAGC GAOCGCTGEC CGGCIGEACT TGICCAGTIG 9250
GTTCACGECT GGECTACAGOG GECGAGACAT TTATCACAGC GIGICTCATG 9300
CCOGGECOCOG CTGGTTCTGG TTTIGCCTAC TOCTGCTOGC TGCAGGRGTA 9350
GGCATCTACC TCCTOCCCAA COGATGAAGG TTGEGGTAAA CACTCOGECC 9400
TCTTAAGCCA TTTCCTGITT TITTTTTTTIT TTTTITITIT TTITICITIT 9450
TTTTTTICTT TOCTTTCCTT CTTTTITTICC TTICTTITIC CCTICTITAA 9500
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H77C

10 20 30 40 50
1234567890 1234567890 1234567890 1234567890 1234567890
TGGIGGCTOC ATCTTAGCCC TAGTCACGGEC TAGCTGTGAA AGGTQOGTGA 9550
GOCGCATGAC TCCAGAGAGT GCTGATACTG GOCTCICTIGC AGATCATGT 9599

FIG. 4F
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H77C

10 20 30 40 50
1234567890 1234567890 1234567890 1234567890 1234567890
MSTNPKPQRK TKRNINRRPQ DVKFPGAGOI VGGVYLLPRR GPRIGVRATR 50
KTSERSQPRG RROPIPKARR PEGRIWAQEG YPWPLYGNEG CGWAGWLISP 100
RGSRPSWGPT DPRRRSRNLG KVIDTLIOGF ADIMGYIPIV GAPLGGAARA 150
LAHGVRVLED GVNYATGNLP GCSFSIFLIA LISCLIVPAS AYQVRNSSGL, 200
YHVINDCENS SIVYEARDAT LHTPGCVECY REGNASROWV AVIPIVATRD 250
GKLPTTOLRR HIDLIMGSAT LCSALYVGDL CGSVFLVGQL FIFSPRRHWT
TODONCSTYP GHTTGHRMAW IMMMNWSPTA ALVVAQLIRT FOATMIMIAG
AHWGVLAGTA YFSMVAWAK VINVVLLIFAG VDARTHVICG NAGRTTAGLY
GLLTPGAKON IQLINTNGSW HINSTAINCN ESINTGALAG LFYCHKFNSS
GCPERLASCR RLIDFAQGWG PISYANGSGL DERPYCWHYP PRPOGIVPAK
SVOGPVYCFT PSPVWVGTTD RSGAPTYSWG ANDITVEVIN NIRPPLGNWF 550
GCTWMNSTGF TKVOGAPECV IGGVENNTIL CPTDCFRKHP FATYSRCGSG 600
PNTTPRCMVD YPYRLWHYPC TINYTIFKVR MYVGGVEHRL FAACNWIRGE 650
RCDLEDRDRS ELSPLLISTT QWOVLECSFT TLPALSTGLI HIHONIVOVO 700
YLYGVGSSIA SWATKWEYWW LLFLIIADAR VOSCLAMMLL ISQAEAAIEN 750
LVIILNAASIA GTHGLVSFLV FFCFAWYLKG RWVEGAVYAL YGQWWPIIIII, 800
LATLPORAYAL DTEVAASOGG VVLVGIMALT LSPYYKRYIS WOMWWLOQYFL 850
TRVEAQLHVW VPPLNVRGGR DAVILIMCVV HPTLVFDITK LIIATFGPIW 900
TIOASLIKVP YFVRVQGLIR ICAIARKIAG GHYVOMATIK IGALTGTYVY 950
NHLTPLRDWA HNGLRDLAVA VEPVVFSRME TKLITWGADT AACGDIINGL, 1000
PVSARRGQET LIGPADGMVS KGWRLIAPIT AYAQQTRGLL GCITTSLTGR 1050
DKNQVEGEVQ TVSTATOIFL ATCINGVOWT' VYHGAGTRTT ASPKGPVIQM 1100
YINVEQDLVG WPAPQGSRSL TPCTOGSSDL YLVTRHAIVI PVRRRGDSRG 1150
SLISPRPISY LKGSSGGPLL CPAGHAVGLE RAAVCTRGVA KAVDFIPVEN 1200
IGTIMRSPVE TINSSPPAVP QSFOVAHIHA PTGSGKSTKV PAAYAAQGYK 1250
VLVINPSVAA TLGFGAYMSK AHGVDENIRT GVRTTTIGSP TTYSTYGKFL 1300
ADGGCSGGAY DITICDECHS TDATSIIGIG TVIDQAETAG ARIWVIATAT 1350
PPGSVIVSHP NIEEVALSTT GEIPFYGKAT PLEVIKGGRH LIFCHSKKKC 1400
DELAAKTVAL GINAVAYYRG LINVSVIPTSG DVWVVSTDAL MIGFTGDFDS 1450
VIDCNICVIQ TVDFSLDPTF TIETTTLERQD AVSRTQRRGR TGRGKEGIYR 1500
FVAPGERPSG MFDSSVLCEC YDAGCAWYEL, TPAETTVRLR AYMNTEGLEV 1550
QQDHLEFWEG VFTIGLTHIDA HFLSQTKQSG ENFPYLVAYQ ATVCARAQAP 1600
PPSWDOMAKC LIRLKPTIHG PTPLIYRIGA VONEVILTHP TTKYIMICMS 1650
ADLEVVTSTW VLVGGVLAAL AAYCLSTGCV VIVGRIVISG KPATIPDREV 1700
LYQEFDEMEE CSQHLPYIED QMLABQFKQ KALGLLQTAS RHAEVITPAV 1750
OTNWOKLEVF WAKHMANFTS GIQYLAGIST LEGNPATASL MAFTAAVTSP 1800
LTTGOTLLFN ILGGWAAQL AAPGAATAFV GAGIAGAATG SVGLGKVIVD 1850
TLAGYGAGVA GALVAFKIMS GEVPSTEDLV NLLPATISPG ALVVGVVCAA 1900

FIG. 4G

2EBEs
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H77C

10 20 30 40 50
1234567890 1234567890 1234567890 1234567890 1234567890
ILRRHVGPFGE GAVOWMNRL.I AFASRGNHVS PTHYVPESDA AARVIAILSS 1950
LTVIQLLRRL, HOWISSECTT PCSGSWLRDI WDNICEVISD FRKTWLKAKIM 2000
PQUPGIPFVS CORGYRGVWR GDGIMHTIRCH CGAETTGHVK NGIMRIVGPR 2050
TCRMASGTIF PINAYTTGEC TPLPAPNYKE ATWRVSAEEY VEIRRVGIFH 2100
YVSEMITINL KCPCQIPSPE FFTELDGVRL: HRFAPPCKPL LREEVSFRVG 2150
THEYPVGSQL, FCEPEPINVAV LTSMUTDPSH ITAEAAGRRI, ARGSPPMAS 2200
SSASQI SAPS LKATCTANHD SPDAELTEAN LIWRQEMOGN TTRVESEMNKV 2250
VILDSFDPLV AEEDEREVSV PAETTRKSRR FARALPVWAR POYNPPIVET 2300
WKKPDYEPPV VHGCPLPPPR SPPVPPPRKK RIVWLTESTL, STATARIATK 2350
SFGSSSTSGI TENTITISSE PAPSGCPPDS DVESYSSMPP LEGEFGDPDL, 2400
SDGSWSIVSS GADTEDVVCC SMSYSWIGAL VIFCAAFRDK LPTNALSNSL, 2450
LRHHNLVYST TSRSACOROK KVIFIRLOVL DSHYQIVIKE VKARASKVKA 2500
NLISVEEACS LTPPHSAKSK FGYGAKIVRC HARKAVAHIN SVWKDLIEDS 2550
VTPIDITIMA KNEVFCVQPE KGGRKPARLI VFPDLGVRVC EKMALYDWS 2600
KLPLAVMGSS YGEFQYSEFGOR VEFLVOAWKS KKIPMGFSYD TRCFDSIVIE 2650
SDIRTEEATY QCCDLDPQAR VATKSLTERL YVGGPLINSR GENCGYRRCR 2700
ASGVLTTSCG NILTCYIKAR AACRAAGIQD CIMLVOGIDL WICESAGV) 2750
EDAASLRAFT EAMIRYSAPP GDPPOPEYDL ELITSCSSNV SVAHDGAGKR 2800
VYYLTRDPIT PLARAAWETA RHTPVNSWLG NIIMEFAPTLW ARMIIMIHFE 2850
SVLIARDQLE QAINCEIYGA CYSIEPLDLP PITIQRIHGLS AFSIHSYSEG 2900
ETNRVAACIR KLGVPPLRAW RHRARSVRAR LISRGGRAAT CGKYLFNWAV 2950
RTKLKLTPIA AAGRLDLSGN FTAGYSGGDI YHSVSHARFR WEWFCLIIIA 3000
AGVGIYIIEN R 3011

FIG. 4H
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Genome of strain HC—J4 of hepatitis C virus

5 'UTR 3 UTR
( 341 nt) (~200 nt )
] OFR (9,030 nt) F—(y-uc)h—
Long RT-PCR l
- Long PCR product (~9.3kb) -
—— OFR
Pin Al Bgl 11 Bl
L frogment —v—biéfmgment
5 UIR i 3 UIR 5" UIR 3
Pin Al Bgl 11 Bg/ I Bbf H

170) [ Jeu-veyg—] (77p) [T we(u-U0)g;
s R
Cassette Vector
(pCV) °

Bgl i Byl 11 Bf/ I

Pin Al
I ]
pCV-J4S: 1-9 - pCV—J4S: 1-9
12, L4 and L6 fragments I |pCV—J4s9
5 UIR ¢ 3' UTR
Pin Al Bgl 1l
[ e-(0-u)gy

Full-length HC—-J4 cDNA constructs
pCV-J4L6S %infextious clone)

pCV-J4L2S (Non-infectious clone)
pCV-J4l4s (non—infectious clone)

FIG. 6
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HC-J4

10 20 30 40 50
1234567890 1234567890 1234567890 1234567890 1234567890
GOCAGCCOCC TGATGEEEEC GACACTOCAC CATGAATCAC TOCCCTGTGA 50
GGAACTACTG TCTTCACGCA GAAAGOGICT AGOCATGRCG TTAGTATGAG 100
TGCTCGTCCAG CCTCCAGGAC CCCOOCTOCC GEGAGAGOCA. TAGTGGICTG 150
CGGAACCGEGT GAGTACACCG GAATTGCOCAG GACOGACCGEG TCCTITICTIG 200
GATCAAQCCG CTCAATGOCT GGAGATTIGG GOGTGCCOCC GOGAGACTGEC 250
TAGCCGAGTA GTGITGGGTC GCGAAAGGCC TTGIGGTACT GCCTGATAGG 300
GIGCTTGCGA GTGOCCOEEG AGGTICTOGTA GACCGTGCAC CATGAGCACG 350
AATCCTAAAC CTCAAAGAAA AACCAAACGT AACACCAAMCC GOOGOCCACA 400
GGACGTCAAG TTCCOGEECG GTGGICAGAT CGTTGGTGGA GTTTACCIGT 450
TCCOGCGCAG GGECCCCAGG TTGGEGTGTGC GUGOGACTAG GAAGRCTICC 500
GAGCGGTOGC AACCTCGTGG AAGGOGACAA CCTATCCCAA AGGCTORCG 550
ACCOGAGEEC AGGGOCTEEG CTCAGOCOGG GIACCCTTGE CCOCTCTATG 600
GQCAATGAGGE CCTGEEGTEG GCAGGATGEC TCCIGICACC COGOGRGCTOC 650
CGECCTAGTT GGEECCOCAC GGACCCCOGEG CGTAGGTOGC GIAACTIGEG 700
TAAGGTCATC GATACCCTTA CATGOGGECTT CCOCGATCTIC ATGGRCTACA 750
TTOCGCTCGT CEACECCCAC CTAGAGGEGECG CTGOCAGRGC CTTGRECACAL 800
GGTGTCOGGEG TICTGGAGGA OGGOGTGAAC TATGCAACAG GGAACTIGOC 850
CGGTTGCTCT TTCTCTATCT TCCTCTIGEC TCTGCIGICC TGTTTGACCA 900
TCCCAGCTTC QGCTTATGAA GTGOGCAROG TGTCCGEGEAT ATACCATGIC - 950
ACGAACGACT GCTCCAACTC AAGCATTGIG TATGAGGCAG CGGACGIGAT 1000
CATGCATACT COCGGGTICCG TGOCCIGIGT TCAGGAGGGT AACAGCTCCC 1050
GITGCTGEGET AGCGCTCACT CCCACGCTCG CEGOCAGERA TGOCAGOGTC 1100
COCACTACGA CAATACGACG CCACGTCGAC TTGCTOGITG GGACGECTGC 1150
TTTCTGCTCC GCTATGTACG TOGGEGATCT CTGOGGATCT ATTTICCIOG 1200
TCTOCCAGCT GTTCACCTTC TCGCCTCECC GGCATGAGAC AGTGCAGGAC 1250
TCCAACTGCT CAATCTATCC CGGCCATGIA TCAGGTCACC GCATGGCTIG 1300
CGATATGATG ATGAACTGGT CACCTACAAC AGCCCTAGIG GIGICGCAGT 1350
TCCTCOGEAT COCACAAGCT GTOGTGGACA TGGTGECEEG GECCCACTGS 1400
CGAGICCIGG CGEGCCTTGC CTACTATTCC ATGGTAGEGA ACTGAGCTRAA 1450
GGTTCTGATT GTGGOGCTAC TCTTTGOOEG CETTGACGGE GAGACCCACA 1500
CGACGGEGAG GETGRCOGEC CACACCACCT QOGGGTICAC GICCCTITIC 1550
TCATCTGESG CGTCTCAGAA AATCCAGCTT GTGAATACCA ACGGCAGCTG 1600
GCACATCAAC AGGACTGCCC TAAATTGCAA TGACTCCCTC CARACTGOGT 1650
TCTTTGOOGC GCTGITITAC GCACACAAGT TCAACTCGIC (GGGIGCCCGE 1700
GAGCGCATGG CCAGCTGOOG COCCATTGAC TGGTTCGOCC AGEEGTEGEEG 1750
CCQCCATCACC TATACTAAGC CTAACAGCTC GGATCAGAGG CCTTATTCCT 1800
GGCATTACCC GOCTCGACCG TGIGGIGTOG TACCOGCGIC GCAGGIGIGT 1850
CGICCAGIGT ATTGTTTCAC COCARGOCCT GIIGIGGIGG GGACCACCGA 1900
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TOGTTOUGGT GICOCTACGT ATAGCTGGEEG GGAGAATGAG ACAGACGIGA 1950
TGCTOCTCAA CAACACGOGT COGOCACAAG GCAACTGSIT CGGCIGIACA 2000
TCGATGAATA GTACTGRGTT CACTAAGACG TGOGGAGGEIC COOOGIGIRA 2050
CATOGGERGG GTOGGTAACC GCACCTTGAT CTGOCCCACG GACTGCTTIOC 2100
GEAAGCACCC OGAGGCTACT TACACAAAAT GIGGCTORGG GOCCIGETIG 2150
ACACCTAGGT GOCTAGTAGA CTACOCATAC AGGCTTIGRC ACTACCOCTG 2200
CACTCTCAAT TTTTCCATCT TTAAGGITAG GATGTATGIGC GEAEEOCIGG 2250
AGCACAGECT CAATGOOGCA TGCAATTGGA CTOGAGGAGA GOGCIGTRAC 2300
TTGGAGGACA GGGATAGGIC AGAACTCAGC COGCTACTGC TGTCTACAAC 2350
AGAGTGGCAG ATACTGOOCT GIGCTTICAC CACCCTACCG GCTTTATCCA 2400
CTGGTITIGAT CCATCTCCAT CAGAACATOG TOGACGTGCA ATACCTIGTAC 2450
GGETGTAGGGT CAGOGITIGT CICCTTIGCA ATCAAATGGRG AGIACATCCT 2500
GTTGCTTITIC CTICTCCTGG CAGACGOGCG OGIGIGIGOC TGCTIGIGGA 2550
TGATGCTGCT GATAGCCOCAG GCIGAGGOOG CCTTAGAGAA CTIGGIGEIC 2600
CTCAATGOGG OGTOCGTGEC OGGEAGOGCAT GGTATICICT CCITICTIGT 2650
GTTCTTCTIGC GCCGCCTGGET ACATTAAGGG CAGGCIGECT OCTGEEE0EG 2700
CGTATGCTTIT TTATGGCGTA TGECOGCTGC TCCTECTOCT ACTGROGTTA 2750
CCACCACGAG CTTACGCCTT GGACOGGEGAG ATGECTGCAT OGTCOGGEEG 2800
TGOGGTICTT GTAGGICIGG TATICTTIGAC CTTIGICACCA TACTACAAAG 2850
TGTTTCTCAC TAGGCTCATA TGGTGGITAC AATACTTTAT CACCAGAGCC 2900
GAGECGCACA TGCAAGTGIG GGTCOOCCOCC CTCARCGTIC GOAGAGGCOG 2950
CGATGCCATC ATCCTCCTCA OGTGTGCGGT TCATCCAGAG TTAATTTTIG 3000
ACATCACQCAA ACTCCTGCTC GCCATACTOS GOOCGCTCAT GEIGCICCAG 3050
GCTGGCATAA OGAGAGTGCC GIACTTICGIG CGOGCTCRAG GGCTCATICG 3100
TCCATGCATG TTAGTGOGRAA AAGTOGCOGG GGGICATTAT GICCAAATGG 3150
TCTTCATGAA GCTGEGCEOG CTGACAGGTA CGTACGTTTA TAACCATCIT 3200
ACCCCACTGC GEGACTAEEC CCACGOGEAC CTACGAGACC TTGOGSTGRC 3250
GGTAGAGOOC GTOGTCTTCT COGOCATGGA GACCAAGGTC ATCACCTGRG 3300
GAGCACGACAC CGCTGOGTGET GOGGACATCA TCTTGAGICT ACCCGICIOC 3350
GOCCGARNGGS GGAAGGAGAT ATTTTIGOGA COGGCTGATA GICTOGAAGG 3400
GCARGGGIGS CGACTCCTIG OGCCCATCAC GGOCTACTCC CAACARACGC 3450
GGGGOGTACT TGGTTGCATC ATCACTAGCC TCACAGGCCG GGACAAGARC 3500
CAGGTCGAAG GGGAGGTTCA AGIGGTITCT ACCGCAACAC AATCTTTCCT 3550
GGOGACCTGC ATCAACGGCG TCTGCTAGAC TGTCTACCAT GGOGCTGGCT 3600
CGAAGACCOCT AGOCGGTCCA AMAGGTCCAA TCACCCAAAT GTACACCAAT 3650
GTAGACCTIGG ACCTCGTOGG CTEECAGEOG CCOOCOEEEG CGOGCTCCAT 3700
GACACCATGC AGCTGIGGCA GCTOGGACCT TTACTICGIC ACGAGACATG 3750
CTGATGTCAT TCOGGIGOGC CGGCGAGGOG ACAGCAGGEG AAGTCTACTC 3800
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TCOCOCAGGC COGICTICCTA CCTGAAAGGC TCCTOGEGIG GICCATIGCT 3850
TTECOCTTOG GGCCACGTOG TGAAOGTCIT COSGECTCCT GICTACACCC 3900
GGEEECTOEC GRAGGOSGTG GACTTCATAC COGTIGAGTC TATGGAAACT 3950
ACCATGOGGT CTOCGGICTT CACAGACAAC TCAALCCCCOC CGGCTGIACC 4000
GCAGACATTC CAAGTGGCAC ATCTGCACGC TCOCTACTGGC AGOGGCAAGA 4050
QCACCAAAGT GCOGGCTGLG TATGCAGOCC AAGGGTACAA GEIGCTCGIC 4100
CTGARCCCGT COGTTCOORC CACCTTAGGG TTTGGGAOGT ATATGTOCRAA 4150
QGCACACGGT ATOGACCCTA ACATCAGAAC TGGGGTRAGG ACCATTACCA 4200
COGROGCTC CATTACGTAC TCCACCTATG GCAAGTTCCT TGCOGACGSGT 4250
GGCTGTICTG GEEGORCCTA TGACATCATA ATATGIGATG AGTCGCCACTC 4300
AACTGACTCOG ACTACCATCT TGGGECATOSG CACAGTOCTG GACCAACGORG 4350
AGACGGECTGG AGOGOGEECTC GTOGIGCTOG CCACCGCTAC ACCTOOGGEA 4400
TCGGTTACCG TGCCACACCC CAATATCGAG GAAATAGCCC TGTCCAACAA 4450
TGGAGAGATC CCCTICTATG GCAAAGOCAT CCOCATTIGAG GCCATCAAGG 4500
GGGGEAGGCA TCTCATTITC TCCCATICCA AGAAGAAATG TGACGAGCIC 4550
GCOGCAAAGC TGACAGGCCT CGGACTGAAC GCTGTAGCAT ATTACCGGGG 4600
CCTTGATGIG TCCOGTCATAC CGCCTATOGG AGACGTCGIT GICGTGECAA 4650
CAGACGCTCT AATGACGHEGT TICACOSGCG ATTTTIGACTC AGTGATCGAC 4700
TGCAATACAT GIGICACCCA GACAGTCGAC TTCAGCTTGG ATCCCACCTT 4750
CACCATTGAG ACGACGACCG TGOCCCARGA CCCGGIGICG CGCTCGCAAC 4800
GEOGAGGTAG AACTGGCAGG GGTAGGAGIG GCATCTACAG GITTGIGACT 4850
CCAGGAGAAC GGCOCTOGEEG CATGITCGAT TCTTOGGICC TGIGTGAGIG 4900
CTATGACGOG GGCTGIGCTT GGIATGAGCT CACGOCCECT GAGACCTCOEG 4950
TTAGGETTGOG GECTTACCTA AATACACCAG GGTTCCCCGT CTGCCAGGEAC 5000
CATCTGGAGT TCTGGGAGAG CGICTTCACA GECCTCACCC ACATAGATGC 5050
CCACTTCCIG TOCCAGACTA AACAGGCAGG AGACAACTTT CCITACCIGG 5100
TGACATATCA AGCTACAGTG TCOGOCAGGG CTCAAGCTCC ACCTCCATCG 5150
TGGGEACCARA TGTIGGAAGTG TCTCATACGG CIGAAACCTA CACTGCACGG 5200
GCCAACACCC CTGCTGTATA GGCTAGGAGC OGTCCAAAAT GAGGTCATCC 5250
TCACACACCC CATAACTAAA TACATCATGG CATGCATGIC GGCTGACCIG 5300
GAGGTCGTCA CTAGCACCTG GGTGCTGGTA GEOGGEAGICC TIGCAGCTIT 5350
GGEOCOGCATAC TGOCTGACGA CAGECAGTGT GGICATTGIG GOCAGGATCA 5400
TCTTGTCCGE GARGOCAGCT GIUGTICCOG ACAGGGAAGT CCTCTACCAG 5450
GAGTTCGATG AGATGGAMGA GTGIGCCTCA CAACTICCIT ACATCGAGCA 5500
GOGRATACAG CTCGCOGAGC AATTCAAGCA AAAGGCOGCTC GGGTIGITGC 5550
AAACGECCAC CARAGCAACQCG GAGOCTGCTG CTCCOGIGGT GGAGTCCAAG 5600
TEGOGAGCCC TTGAGACCTT CTGGROGRAG CACATGIGGA ATTTCATCAG 5650
CGGAATACRAG TACCTAGCAG GCTTATCCAC TCTGOCTGGA AACCCCGCGA 5700
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TAGCATCATT GATGGCATITT ACAGCTICTA TCACTAGCCC GCTCACCACC 5750
CRAAAACACCC TCOCTGTTTAA CATCTTEEEG GGATGAGTGG CTGCCCAACT 5800
CECTOCTOCC AGOGCTEOGT CAGCTTTOGT GGGCGAOGEC ATCCCCEEAG 5850
CGCCTIGTIGG CAGCATAGGC CTTGGERAAGG TCCTCGTGEA CATCTIGEOG 5900
GECTATOREG CAGGGGTAGC CCCOGCACTC GIGGCCTTTA AGGTCATGAG 5950
CEECEAGETG COCTOCAQOG AGGACCTGGT CAACTTACTC CCTGCCATCC 6000
TCTCTCCTAG TEOCCTGGIC GTORGEGTCG TCIGCOGCAGC AATACTGOCT 6050
CCECCAOGTEG GOOOGEEAGA GOEEGCTGIG CAGTCGATGA ACOGCTGAT 6100
AGCGTTOGCT TCGOGEEEGIA ACCAOGTCTC CCCTACGCAC TATGTGCCIG 6150
AGAGOGACGC TCCAGCAOGT GTCACTCAGA TCCICICTAG CCTTACCATC 6200
ACTCARCTGC TGRAGOGECT CCACCAGIGG ATTAATGAGG ACTGCTICTAC 6250
GOCATGCTCC GGCTCGTGGEC TAAGEGATGT TTCGEATTGG ATATGCACGG 6300
TGTTGACTGA CTTCAAGACC TGGCTCCAGT CCAAACTCCT GCOGOGGTTA 6350
CCOGOGAGTCC CTTTCCIGIC ATGCCARCGC GGGTACRAAGG GAGTCIGECG 6400
GGORGACGEC ATCATGCARAA CCACCTGCCC ATGCGGAGCA CAGATOGCCG 6450
GACATGICAA AAACGGTICC ATGACGATCG TAGGGCCTAG AACCIGCAGC 6500
AACACGTEEC 2CGGAACGTT CCCCATCAAC GCATACACCA CGGGACCTIG 6550
CACACCCTCC CCGGCGCCCA ACTATTCOCAG GGOGCTATGG CGGGTGECIG 6600
CTGAGGAGTA CGTGGAGGTT ACGOGIGIGG GGGATTTCCA CTACGTGACG 6650
GGCATGACCA CTGACAACGT AAAGTGOCCA TGOCAGGTIC COGECCCCCE 6700
ATTCTTCACG GAGGTGGATG GAGIGOGGIT GCACAGGTAC GCTCCEGXGT 6750
GCAAACCTICT TCTACGGGAG GACGTCACGT TCCAGGTOGG GCTCAACCAA 6800
TACTTGGTCG GGTCGCAGCT COCATGOGAG CCCOGAACCEG ACGTAACAGT 6850
GCTTACTICC ATCCTCACCG ATCCOCTCOCCA CATTACAGCA GAGACGGCTA 6900
AGCGTAGGCT GGCTAGAGGG TCTCQCCCCCT CTTTAGCCAG CTCATCAGCT 6950
AGCCAGTTGT CTGCGCCTIC TTIGAAGGCG ACATGCACTA CCCACCATGA 7000
CTCCOCGGEAC GUTGACCTCA TCGAGECCAA CCICTTGIOG CGGCAGGAGA 7050
TOGEOGGEAAA CATCACTCGC GIGGAGICAG AGAATAAGGT AGTAATTCTG 7100
GACTCTTTCOG AACCGCTTCA CGOGGAGGGG GATGAGAGGEG AGATATCCGT 7150
OGOGGOCGAG ATCCTGOGAA AATCCAGGAA GITCCCCTCA GOGTTACCCA 7200
TATGRGCACG COCOGACTAC AATCCTCCAC TGCTAGAGIC CTGGEARGGAC 7250
COGGACTACG TCCCTCOGGT GGTACACGGA TGCCCATTIGC CACCTACCAA 7300
GGCTCCTCCA ATACCACCTC CACGGAGARA GAGGACGGIT GICCTGACAG 7350
AATCCARTGT GICTICTGOC TTGGOGGAGC TCGCCACTAA GACCTTCGGT 7400
AGCTCOGGAT CGTOGGCCGT TGATAGOGGEC ACCECOGACCG CCCTTCCTGA 7450
CCTOGOCTCC GACGACGGTG ACAAAGGATC CGACGTTGAG TCGIACTCCT 7500
CQCATGOCCCC CCTTGAAGGG GAGCOGEEGEG ACCCOGATCT CAGCGACGEG 7550
TCTTGGICTA COGTGAGTGA GGAGGCTAGT GAGGATGICG TCTGCTGCTIC 7600
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AATGTCCTAT ACGTGGACAG GOGOCCIGAT CACGCCATGC CCTCCGGAGG 7650
ARAGTAAGCT GOCCATCAAC COGTTGAGCA ACTCTTIGCT GOGTCACCAC 7700
AACATGGICT ACGOCACAAC ATCCOGCAGC GCAAGCCTCC GGCAGAAGRA 7750
GGTCACCTIT GACAGATTGC AAGTCOCTGGA TGATCATTAC CGGGACGTAC 7800
TCAAGGAGAT GAAGGCGAAG GOGTCCACAG TTAAGGCTAA GCTICIAICT 7850
ATAGAGGAGG CCTGCAAGCT GACGCOCCCA CATTOGGCCA AATCCAAATT 7900
TGECTATGEG GCAARAGGACG TOOGGAACCT ATCCAGCAGG GCOGTTAACC 7950
ACATOOGCTC CGTGIGGGEAG GACTTGCTGG AAGACACTGA AACACCAATT 8000
GACACCACCA TCATGGCAAA AAGIGAGGTT TTCTGOGICC AACCAGAGAA 8050
OGGAGGCOGC AAGOCAGCTC GOCTTATCGT ATTCCCAGAC CIGGEAGITC 8100
GIGTATGCGA GAAGATGECC CTTTACGACG TGGICTCCAC CCTICCTCAG 8150
GOCGIGATGS GCTCCTCATA CGGATTTCAA TACTCOCCCA AGCAGOEGT 8200
CGAGTTCCIG GCTGRATACCT GGAAATCAAA GAAATGOOCT ATGGGECTICT 8250
CATATGACAC COGCIGTTTT GACTCAACGG TCACTGAGAG TGACATTICGT 8300
GTTGAGGAGT CAATTTACCA ATGITGIGAC TTGGOOCCCG AGGCCAGACA 8350
GCCCATARAGG TOGCTCACAG AGCGGCTTTA CATCGRGGEGGT CCCCTGACTA 8400
ACTCAARAGG GCAGAACTGC GGITATCGECC GGTGOCGAEC ARGIGGCGIG 8450

© CTGRCOGACTA GCTCCGGTAA TACCCTCACA TGTTACTTGA AGGCCACTGC 8500
AGCCTGIOGA GCTGCAAAGC TCCAGGACTG CACGATGCTC GIGRAACGGAG 8550
ACGACCTICT CGTTATCIGT GAAAGCGOGG GAACCCAGGA GGATGOEECG 8600
GOCCTACGAG CCTTCACGEA GGCTATGACT AGGTATICOG QCCOCCOOGG 8650
GGATCOGCOCC CAACCAGAAT ACGACCTGGA GCTGATAACA TCATGTICCT 8700
CCARTGTGTIC AGTCGCGCAC GATGCATCTG GCAAAAGGGT ATACTACCTC 8750
ACCOGTGACC CCACCACCCC CCTTGCACGG GCTGOGTGGEG AGACAGCTAG 8800
ACACACTCCA ATCAACTCTT GGCTAGGCAA TATCATCATG TATGCGOCCA 8850
COCTATGRGC ARGGATGATT CTGATGACTC ACTTITICIC CATCCTICTA 8900
GCTCAAGAGC AACTTGAARA AGCCCTGGAT TGTCAGATCT ACGAGOCTIG 8950
CTACTCCATT GAGCCACTTG ACCTACCTCA GATCATTGAA CGACTCCATG 9000
GICTTAGOGC ATTTACACTC CACAGITACT CTCCAGGIGA GATCAATAGG 9050
GTGGCTTCAT GOCTCAGGAA ACTTGGEGTA CCACCCTICC GAACCTGGAG 9100
ACATCOGEGCC AGAAGTGTCC GOGCTAAGCT ACTGICCCAG GGGGRGAGRG 9150
CCGCCACTTG TGCCAGATAC CTCTTTAACT GGGCAGTAAG GACCAAGCTT 9200
AAACTCACTC CANTCCOGEC CGOGTCCCAG CTGGACTIGT CIGGCIGGIT 9250
CGTCGCTGET TACAGOGEEG GAGACATATA TCACAGCCTG TCTOGIGCCC 9300
GACCCOGCIG GITTCCGTTG TEOCTACTCC TACTTTCIGT AGGGGTAGGC 9350
ATTTACCTGC TCCCCAACCG ATGAACGGEG AGCTAACCAC TCCAGGCCTT 9400
AAGCCATTTC CTGITITTIT TTTTITIITIT TITTITTITT TCTTITITIT 9450
TTTCTTTCCT TTCCTTICTIT TITTCCTTIC TTTTICCCTT CTTIAATGGT 9500

FIG. 14E




U.S. Patent Dec. 7, 2010 Sheet 29 of 49 US 7,846,454 B2

10 20 30 40 50
1234567890 1234567890 1234567890 1234567890 1234567890
GECTOCATCT TAGCCCTAGT CACGACTAGC TGTGAAAGET COGTGAGCCG 9550
CATGACTGCA GAGAGTGCTG ATACTGGOCT CTCTGCAGAT CATIGT 9595

FIG. 14F




U.S. Patent Dec. 7, 2010 Sheet 30 of 49 US 7,846,454 B2

10 20 30 40 50
1234567890 1234567830 1234567890 1234567890 1234567830
MSINFKPQRK TKRNINRRPQ DVKFPGOGEQT VGGVYLLPRR GPRLGVRATR 50

 KASFRSQPRG RROPIPKARR PEGRAWAQPG YPWPLYGNHG LGWAGNLLSP 100
RGSRPSWGPT DPRRRSRNLG KVIDTLTCGE ADIMGYIPLV GAPLGGRARA 150
TAHGVRVLED GUNYATGNLP GCSFSIFLIA LISCLTTPAS AYEVRNVSGL 200
YHVINDCSNS SIVYFAAIDVI MHTPGCVPCV QEGNSSROWV ALTPTLAARN 250
ASVPTTTIRR HVDLIVGTRA FCSAMYVGL CGSIFLVSQL FIFSPRRHET 300
VODONCSIYP GHVSGHRMAW IMMINWSPIT ALVVSQLIRT POAVVIMVAG 350
AHWGVLAGLA YYMVEAWAK VLIVALIFAG VDGETHITGR VAGHTTSGFT 400
SLFSSGASQOK TQLVNINGSW HINRTAINCN DSIQTGFFAA LEYAHKENSS 450
GCPERMASCR PTDWFAQGWG PITYTKENSS DORPYCWHYA PRPOGVVEPAS 500
CQVOGPVYCFT PSPVWVGTID RSGVPTYSWG ENETDVMLIN NTRPPOGNAE 550
CCTWMNSTGF TKTCGGEPRCN IGGVEANRTLI CPTDCFRKHP EATYTROGSG 600
BWLTPRCLVD YPYRUAHYPC TLNFSIFKVR MYVGGVEHRL NAACNWIRGE 650
RCNLEDRDRS ELSPLILSTT EWQILPCAFT TLPALSTGLI HLFCNIVIVD 700
YLYGVGSAFV SFATKWEYTL LIFTITADAR VCACTAMMLL IAQAEAATFN 750
LVVINAASVA GAHGILSFILV FFCAAWYIKG RLAPGAAYAF YGVWPLILIL, 800
LATPPRAYAL, DREMAASCGG AVLVGLVELT LSPYYKVFLT RLIWWLQYFTL 850
TRAFAHMOVW VPPLNVRGGR DATTILITCAV HPELIFDITK LLLATIGPIM 900
VLQAGITRVP YFVRBQGLIR AMMLVRKVAG GHYVOMVEMK LGALTGIYVY 950
NHLTPLRDWA HAGLRDLAVA VEPVVFSAME TKVITWGADT AACGDITIGL, 1000
PVSARRGKET FLGPADSLEG QGWRLIAPIT AYSQOTRGVL, GCIITSLTGR 1050
DKNOVEGEVD VVSTATQSFT, ATCTNGVCWT VYHGAGSKTL AGPKGPTTOM 1100
YTNVDLDLVG WOQAPPGARSM TPCSCGSSDL YLVIRHAIVI PVRRRGDSRG 1150
SILISPRVSY LKGSSGGPLL CPSGHVVGVF RAAVCTRGVA KAVDFIPVES 1200
METIMRSPVF TONSTPPAVP QTFQOVAHIHA PIGSGKSTKV PAAYAAQGYK 1250
VLVLNPSVAA TLGFGAYMSK AHGIDPNIRT GVRITTTGGS ITYSTYGKFL 1300
ADGGCSGGAY DITICDECHS TDSTTILGIG TVLDQAETAG ARLVWIATAT 1350
PPGSVTVPHP NIEEIGLSNN GEIPFYGKAI PIFATKGGRH LIFCHSKKKC 1400
DELAAKLTGL, GLNAVAYYRG LIVSVIPPIG DVWVVATDAL MIGFTGDFDS 1450
VIDCNICVIQ TVDFSLDPTF TIEITIVEQOD AVSRSQORRGR TGRGRSGIYR 1500
FVTRGERPSG MEDSSVLCEC YDAGCAWYEL TPAETSVRLR AYINTPGLPV 1550
CODHLEFWES VFTGLTHIDA HFLSQTKQAG INFPYLVAYQ ATVCARAQAP 1600
PPSWDOMWKC LIRLKPTLHG PTPLLYRICGA VONEVILTHP ITKYIMACMS 1650
ADLEVWTSTW VLVGGVLAAL AAYCLTIGSV VIVGRITLSG KPAVVPDREV 1700
LYQEFDEMEE CASQLPYTR) GMOLAEQFKQ KALGIIQTAT KQAFAAARVV 1750
ESKWRALETF WAKHMANFIS GIQYLAGLST LPGNPAIASL MAFTASITSP 1800
LTTONTLLEN ILGGWAAQL APPSAASAFV GAGIAGAAVG SIGLGKVIVD 1850
TLAGYGAGVA GALVAFKUMS GEVPSTEDLV NLLPATLSFG ALVVGVVCAA 1500
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TLRRHVGEGE GAVOAMNRLL AFASRGNHVS PTHYVPESDA AARVIOITSS 1950
LTITTOLI KRL HOWINEDCST PCSGSWLRINV WOWICTVLID FKIWLQSKILI, 2000
PRLEGVPFLS CORGYKGWWR GDGIMOTITCP CGRQIAGHVK NGEMRIVGPR 2050
TCSNIWHGIF PINAYTTGEC TPSPAPNYSR AUNRVAAEEY VEVIRVGDFH 2100
YWIGMITINY KCPOQVPAPE FFTEVDGVRL HRYAPACKPL LREIVIFOVG 2150
INQYLVGSQL PCEPEPIVIV LTSMUTDPSH ITAETAKRRL: ARGSPPSIAS 2200
SSASQLSAPS LKATCTIHHD SPLADLIEAN ITWRQEMGGN ITRVESENKV — 2250
VILDSFEPLH ABGDERETISV AAETTIRKSRK FPSALPIWAR PDYNPPIITES 2300
WKDPDYVPEV VHGCPLPPTIK APPIPPPRRK RIVVLTESNV SSATAETATK 2350
TRGSSGSSAV DSGTATALPD IASIDGEIKGS DVESYSSMPP IEGEPGDPIL, 2400
SDGSWSTVSE EASEINVVCCS MSYIWIGALT TPCAAEESKL, PINPLSNSLIL 2450
RHHNMVYATT SRSASLRQOKK VIFDRUNID DHYRDVIKEM KAKASTVKAK 2500
LLSTEFACKL, TPPHSAKSKE GYGAKIVRNL SSRAVNHIRS WWEDLLEDTE 2550
TPIDTTIMAK SEVFCVQPEK GGRKPARLIV FPDLGVRVCE KMALYDVVST 2600
LPQAVMGSSY GFQYSPRKORV EFLVNIWKSK KCPMGFSYDT RCFDSIVIES 2650
DIRVEESIYQ CCDLAPEARQ ATRSLTERLY IGGPLINSKG (NCGYRRCRA 2700
SGVLTTSCEN TLTCYLKATA ACRAAKIQDC TMLVNGDDLV VICESAGTOE 2750
DARALRAFTE AMIRYSAPEG DPPQPEYDLE LITSCSSNVS VAHDASGKRV 2800
YYLTRDPTTP IARAAWETAR HTPINSWLGN ITMYAPTUNA RMIIMIHFFS 2850
TLIAQFQIEK ALDCQIYGAC YSIEPLDLPQ ITERIHGLSA FTTHSYSPGE 2900
INRVASCLRK LGVPPLRTWR HRARSVRAKL LSOGGRAATC GRYLFNWAVR 2950
TKIKLTPIPA ASQIDLSGWF VAGYSGGDIY HSLSRARPRW FPLCLIIISV 3000
GVGIYLLPNR 3010
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#2. Strategy for constructing chimeric clone of HCV (pH77CV-J4)
which contains the nonstructural region of strain H77 and the
structural region of strain HC-J4

, delete pCV-H77C
° UITR l[ L3 LI X E X E XXX T T Y ST T XY X L7 3'UTR
C+E1+E2+P7 FSNS2 + NS3 + NS4A+ NS4B + NSSA + NS58 ¢ ¢ ¢
Am VVwywy'wy
Age 1 (156) Clal(710) l Eco 47 Wl (blunt end; 2851) Hind il Neet+ Al 1l
GCA TAC GCA (7862) (8160) (9403)
.CA TAT G.. qcE-ATA—FGL
Ndel* (2763) gcT ATA TGt
‘ H78518S — - HITIR(P-M)
FusionPCR ~— =8
PCR products '—»Cla INde | Eco 47AIII rUoion Pl c
*—p p HI140S(P-M} -3¢+ «— HI417R
H2751S (ClaliNdel)  H2870R
Xho'l (2282) Nde 1*(2763)
pCV-J4ALES D
—> <
J4-2271S J4-2776R(Ndel)

1. Fragment A, B, C and D ; PCR amplification from pCV-H77C or pCV-J4L6S
» Fragment A ; additional Clal site, artificial Nde t site induced by a single mutation
(C—T at nt 2765 of H77C) and authentic Eco47 Ul site
» Fragment B and C ; eliminated Nde [ site by a single mutation within the primers
(C—T atnt 9158 of H77C), and fusion PCR with both fragments
« Fragment D ; artificial Nde ! site induced by 2 point mutations within the primer
(T—A at nt 2762 and C—T at nt 2765 of J4L6S)
2. TA cloning of PCR products
3. Sequence analysis
4. Cloning of Fragment A (Cla |-Eco 4711t ) and Fragment B/C (Hind Hl-Afi 1 ) with correct
sequence into pCV-H77C ]
5. Complete sequence analysis of new cassette vector [pH77CV], into which the structural
regions of different genotypes can be inserted.
6. Cloning of Fragment-Age I/Xho | {cut out from pCV-J4L6S) and Fragment D (Xho |-Nde 1)
with correct sequence into the new cassette vector ; 3 piece ligation
7. Complete sequence analysis of 1a+1b chimera [pH77CV~J4]
8. In vitro transcription (within 24 hours of inoculation)
9. Percutaneous intréhepatic transfection into chimpanzee
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GGERACTACTG TCTTCACGCA GAAAGCGTCT AGCCATOGOG TTAGTATGAG 100

CCERAACOGGET GAGTACAOCG GAATTACCAG GACGACCOGSG TOCTTICTIG 200
GATCAACCCG CTCAATGCCT GGAGATTTGG GOGTGOONCC GOGAGACTGC 250
TAGCCGAGTA GIGTTGGGIC GOGAAAGEC TTGTGGTACT GOCTGATAGG 300
GIGCTTCCEA GTECCAOEG AGGICTOGTA GACCOGTGCAC CATGAGCALG 350
AATCCIAAAC CTCAAAGAAA AACCAAACGT AACACCAACC GOOCOCCACA 400

TGCOGOCCAG GOOCCCCAGSG TTASGTGTEC COCGALTAG GAAGGCTICC 500
GAGOGGTCOGC AACCTUGTGG AAGGCGACAA CCTATCCCAA  AGCTURXXG 550
ACCCGAGGEEC AGGGOCTGEG CTCAGCCORG GTACCCTTGG CCCCTICTATG 600
GCAATGAGGG CCTGGEGGTEE CCAGGATAEEC TACTGTCACC CCEXEd3CICC 650
CGEOCTAGTT GGEEEOOCCAC GRACOXOOEG QGTAGGTAGC GTAACTTGRG 700
TAAGGTCATC GATACCCTTA CATGCOGECTT CGOCGAICTC ATGGGGTACA 750
TTCQGCTAGET CGROGCOCCC CTAGOEEENG CTAOCAGEEC CTTGGCACAC 800
GGIGTOOGGG TICTICGACGGA CGGCGTARAAC TATGCAACAG GGAACTTGCC 850
CGGTTGCTICT TICTCTATCT TCCICTTGERC TCTGCTGICC TGITTGACCA 300
TCCCAGCTTC CGCTTATGAA GTGCGCAALG TGICCGCEEAT ATACCATGIC 950
ACGAACGACT GCTCCAACTC AACCATTIGIG TATGAGGCAG CGGACGIGAT 1000
CATGCATACT CCCGGGETEOG TAOCCTGIGT TCAGGAGGGT AACAGCTCCC 1050
GITGCTGAEGT AGCGCTCACT COCACQGCTOG CGGCOCAGRAA TGCCAGCGIC 1100
CCCACTACGA CAATACGACG CCAOGTCGAC TTGCTOGTTG GERACGECTEC 1150
TTTCTGCTCC GCTATGTACG TGEEGGATCT CTACGGATCT ATTTICCICG 1200
TCTOCCAGCT GITCACCTTC TOGCCTOGCC GCATGAGAC AGTGCACGGAC 1250
TGCAACTGCT CAATCTATCC CQGGCCATGTA TCAGGTCACC GCATAGECTIG 1300
CGATATGATG ATGAACTGGT CACCTACAAC AGCCCTAGIG GIGICGCAGT 1350
TGCTCCGERAT COCACAAGRCT GIUGTGEACA TGGTGAOGEG GGCCCACTGG 1400
GGAGTCCTGG CGAGCCTTGC CTACTATTCC ATGGTAGAGA ACTGGACTAA 1450
GGTTCTGATIT GTGGOGCTAC TCTTTAOORG COGTTGACGSG GAGACCCACA 1500
CGACGGEERAG GGETAGEOCAGC CACACCACCT COGGGTTCAC GICCCTITIC 1550
TCATCTGGREG OGTCTCAGAA AATCCAGCTT GTGAATACCA ACGACAGCTG 1600
GCACATCAAC AGGACTGOCC TAAATTGCAA TGACTCOCCTC CAARCTGSEGT 1650
TCTTTCOOGC GCTGITTTAC GCACACAAGT TCAACTCGIC CGEGIGO00G 1700
GAGOGCATOG CCAGCTGOOG CCCCATTGAC TGGTTOGCCOC AGAAGTGEEG 1750
CCCCATCAQC TATACTAAGC CTAACAGCTC GGATCAGAGG CCTTATTGCT 1800
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GGCCATTACGC QCCTCGACCG TGIGGIGIOG TACCOGCGIC GCAGGTIGIGT 1850
GGTCCAGIGT ATTGTITCAC COCAAGCCCT GTTIGIGGTG GGACCAOCGA 1900
TOGITCCGET GICCCTACGT ATAGCTGGEEG CGAGRATGAG ACAGACGTGA 1950
TGCTCCTCAA CAACACGOGT COGCCACAAG GCAACTGGIT QGACTGIACA 2000
TGGATGAATA GTACTGGGTT CACTAAGACG TCOGGRAGGIC COCOGIGIRA 2050
CATOGEEE3G GICGGTAALC GCACCTTGAT CTGCCCCACG GACTCCTICC 2100
GGAAGCACCC CGAGCCTACT TACACAAAAT GIGGCTOGEG GOCCIGGTIG 2150
ACACCTAGGT GQOCTAGTAGA CTACCCATAC AGGCTTIGC ACTACCCCIG 2200
CACTCTCAAT TTTTCCATCT TTAAGGTTAG GATGTATGIG GEGEEGIEG 2250
AGCACAGGCT CAATGCOGCA TGCAATTGGA CICGAGGAGA GOGCIGIAAC 2300
TICGAGGACA GGGATAGGIC AGAACTCAGC QOGCIGCTGC TGICIACAAC 2350
AGAGTGGCAG ATACTGOCCT GIGCITTCAC CACCCTACCG GCITIATCCA 2400
CTGGTTTGAT CCATCTCCAT CAGAACATOG TGEAOGTRCA ATACCTGTAC 2450
GGTGTAGGET CAGOGTITIGT CICCTITICCA ATCAAATGEG AGTACATCCT 2500
GTTGCTTTITC CTTCICCIGG CAGACGOEXG CGIGIGIOCC TOCTTGIGGA 2550
TGATGCTGCT GATAGCCCAG GCTGAGGOCG CCTTAGAGAA CTTGGTGGTC 2600
CTCAATAOGG CGTCCGTARC CGEACQORCAT GGTATTCICT CCTITICTTGT 2650
GTTCTTCTGC GCOGCCTGGT ACATTAAGGG CAGGCTAECT QCTAAAEOEG 2700
CGIATGCTIT TTATGECOGTA TGOCOGCTGC TCCTACTCCT ACTGEOGITA 2750
CCACCACGAG CATATGCACT GGACACGGAG GTGGCCGOGT CGTGTAEOGG 2800
CGTIGTTICIT GICGGGITAA TGGOGCTGAC TCTGICGCCA TATTACAAGC 2850
GCTATATCAG CTGGTGCATG TGGIGGCTIC AGTATTITCT GACCARAGTA 2900
GARAGOGCAAC TGCACGIGIG GETTCCOQXC CTCAACGTCOC GOEEEEEEG 2950
CGATGCCGIT ATCITACTCA TGIGIGIAGT ACACCCGACC CIGGTATTIG 3000
ACATCACCAA ACTACTCOCTG GCCATICTTCG GACCCOCTTIG GATTCTTCAA 3050
GOCAGITTGC TTAAAGTCOCC CTACTTCGIG QOOGTTCAAG GOCTTCTOOG 3100
GATCTGCOGOG CTAGOGOGGA AGATACCOGG AGGTCATTAC GIGCAAATGG 3150
CCATCATCAA GITAGGA3CG CTTACTGECA CCTATGIGTA TAACCATCIC 3200
ACCOCICTIC GAGACTEEEC GCACAAOGAC CTGOGAGATC TGROCGIAAC 3250
TGTGERAACCA GICGICTICT CCOGRATGGA GAOCAAGCTC ATCACGIGGG 3300
GGGCAGATAC CGOOGOGTGEC GGTGACATCA TCAACGGCTT GOOOGICICT 3350
GOCOGTAGSG GCCAGGAGAT ACTGCTTOAG CCAGOOGACG GAATGGICIC 3400
CAAGGEEGTGG AGGITGCTGRG CGOCCATCAC GEOGTACGOC CAGCAGACGA 3450
GAGGCCTCCT AGGGIGTIATA ATCACCAGCC TGACTGGOUG GGACAAAAAC 3500
CAAGTGGEAGG GTGAGGTCCA GATCGIGICA ACTGCTACCC AAACCTICCT 3550
GGCARCGTCC ATCAATOGEG TATGCTGGAC TGTCTACCAC GOOGCCGGAA 3600
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CGAGGACCAT CGCATCACCC AAGGGTCCIG TCATCCAGAT GTATACCAAT 3650
GTGGACCAAG ACCTTGTGEG CTGACCOGCT CCTCAAGGTT COOGCTCATT 3700
GACACCCTGT ACCTGOGRGCT CCTOGGACCT TTACCTGEIC ACGAGCACG 3750
COGATGTCAT TCOCGTGOGC CGGOGAGGTG ATAGCAGEG TAGQCTACIT 3800

TOGOOCCEAC CCATTTCCTA CTTGARAGGC TCCTOGGAEGG GTOOXCTGIT 3850
GTGOOCCGOG GGACACGOOG TAGGCCTATT CAGGXCAAG GIGIGCACCC 3900

GTGRGIC TAAAGCGGIG GACTTTATCC CTGTGGAGAA CCTACGRACA 3950
ACCATGAGAT QCOCGGTGIT CACGGACAAC TCCTCTCCAC CACCAGIRCC 4000
CCAGAGCTTC CAGGTEOOCC ACCTGCATEC TOOCACQQORRC ACQGGTAAGA 4050

GCACCAAGGT COOGECTEOG TACGCAGCCC AGGACTACAA GGIGITAGIG 4100
CTCAACCOCT CIGTITGCIGC AACGCTAEC TTTGGTCCIT ACATGTCCAA 4150
GGOCCATGEG GTTGATCCTA ATATCACGGAC CGGOGTGAGA ACAATTACCA 4200
CTGGECAGOQC CATCACGTAC TCCACCTACG GCAAGTTCCT TGOOGALGC 4250
GGEGTGCTCAG GAGGTGCTTA TGACATAATA ATTIGIGACG AGIGCCACIC 4300
CACGGATGCC ACATCCATCT TGEECATOGRG CACTGTCCTIT GACCAAGCAG 4350
AGACTGOGGEG GGOGAGACTG GTTGIGCTOG CCACTGCTAC COCTCOCGEEC 4400
TOCGTCACTG TGICCCATCC TAACATOGAG GAGGTTCCTC TGTCCACCAC 4450
CGEAGAGATC CQCTTTITACG GCAAGGCTAT CCOCCICGAG GTGATCAAGG 4500
GOGGEAAGACA TCTCATCTTIC TGOCACTCAA AGAANGAAGTG CGACGAOCTC 4550
GCOGCGAAGC TGGTOGCATT GEGCATCAAT GOUGTEACT ACTACCGOGG 4600

TCTTGACGIG TCTGTCATCC CGACCAGOGG CRATGTIGIC GIOGTGIORA 4650
QCGATGCTCT CATGACTOGC TTTACOGGOG ACTTOGACTC TGTGATAGAC 4700
TGCARCAOGT GIGICACTCA GACAGTCGAT TTCAGCCTIG ACCCTACCIT 4750

TACCATTGAG ACAACCAOGC TCOOCCAGGA TGCTGICTICC AGGACTCAAC 4800
GOCOEGOCAG GACTGECAGG GEGAARCCAG GCATCTATAG ATTTGIGGCA 4850
COOOEEGAGC GOCOCTCOGRG CATGTTOGAC TOGTOCGTCC TCTGTGAGIG 4900
CTATGACGOG GGCTGIGCTT GETATGAGCT CACGOCOGCC GAGACTACAG 4950
TTAGGCTACG AGCGTACATG AACACCCORG QOCTTCOOGT GTGCCAGGAC 5000
CATCTTGAAT TTTGRGAGGG CGICTTIACG GOOCTCACTC ATATAGATGC 5050
CCACTTTITA TOOCAGACAA AGCAGAGTGG GEAGAACTIT CCTTAOCTGG 5100
TAQOGTACCA AGOCACOGTG TOOGCTAGEG CTCAAGCOOC TOOCCCATOG 5150
TOGOGACCACA TGTGEAAGIG TTTGATOORC CTTAAMOCCA CCCTOCATGG 5200
GOCAACACCC CTGCTATACA GACTGGGOGC TGTTCAGAAT GAAMGTCACCC 5250
TGACGCACCC AATCACCAAA TACATCATGA CATGCATGIC GOCCOGACCIG 5300
GAGGTCGTCA CGAGCACCTG GGTGCTOGTT GaCGA0GTCC TAACTIGCICT 5350
GQECOOOGTAT TGOCTGICAA CAGGCTGOGT GGTCATAGTG GOCAGGATCG 5400
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TCTTGICOEG GAAGCOCOGGCA ATTATACCTG ACAGGGAGGT TCTCTACCAG 5450
GAGTTOGATG AGATGGAAGA GIGCICICAG CACTTACOGT ACATOGAGCA 5500
AGGGATGATG CTCGCTGAGC AGTTCAAGCA GAAGGOOCTC GGOCTOCTGC 5550
AGACCOGOGTC COGCCATGCA GAGGTTATCA COCCTGCTGT CCAGACCAAC 5600
TGRCAGAARC TOGAGGICTT TTGEGOGAAG CACATGIGGA ATTICATCAG 5650
TGOGATACAA TACTTGROGG GOCIGICAAC GCTIGOCTAGT AACOCOGCCA 5700
TTGCTTCATT GATGECTITT ACAGCTGOCG TCACCAGCC ACTAACCACT 5750
QGOCAAACCC TCCTCTTICAA CATATTARGG GAGIOEGING CIGOCCAGCT 5800
CGEOCGO00CC GETGOOGCTA CTEOCTTTIGT GAGTGCTGRC CTAGCTAROG 5850
CORCCATOGG CAGOGTTGEEA CTOREGAARG TOCTOGTGGA CATTCTIGCA 5900
- GEGTATGROG CGAGOGTARC GGGAGCTCTT GTAGCATTCA AGATCATGAG 5950
QGGTEAGGTC COCTCCAOGG AGGACCTAGT CAATCTIGCTG COCGCCATCC 6000
TCTCGCCTAG AGOCCTIGTA GIURGIGING TCTGOGCAGC AATACTGOGC 6050
CGOCACGITG GOOCGEEGCGA GGGEGCAGTG CAATGGATGA ACCGGCTRAT 6100
AGOCTTCOERC TOCOGAGGEEA. ACCATGITIC COCCAOGCAC TACGTGCOGG 6150
AGAGCGATGC AGCOGCOCEC GTCACTGOCA TACTCAGCAG CCTCACTGTA 6200
ACCCAGCTCC TGAGGOGACT GCATCAGIGS ATAAGCTCGG AGTGTACCAC 6250
TOCCATGCTCC GGTTOCTGEC TAAGGGACAT CTGOGACTGG ATATGOGAGG 6300
TGCTGAGCGA CTTTAAGACC TGGCTGAAAG CCAAGCTCAT GCCACAACTG 6350
CCTGGGATTC CCTTIGIGIC CTGOCAGORC GAGTATAGGG GAGICTERG 6400
ACGGAGACGGC ATTATGCACA CTOGCIGOCA CIGTGGAGCT GAGATCACTG 6450
GACATGTCAA ARACGGRGACG ATGAGGATUG TUSGICCTAG GACCTGCARG 6500
AACATGTGEA GTGOGACGIT CCCCATTAAC GOCTACACCA COOCCQCCIG 6550
TACTCOCCCTT CCTGOGCCGA ACTATAAGTT CGCGCTGING AGSGIGICIG 6604
CAGAGGAATA OGTGGAGATA AGGCGGGTAG GOGACTICCA CTACGTATOG 6650
GGTATGACTA CTGACAATCT TAAATGOOCOG TGOCAGATCC CATCGOCOGA 6700
ATTTTTCACA GAATTOGACG GAGTGOGCOCT ACACAGGTTT GOGCCQCCTT 6750
GCAAGOCCTT GOTGOGGGAG GAGGTATCAT TCAGAGTARG ACTCCACGAG 6800
TACCCGGTAG GETORCAATT ACCTTGOGAG COCGAACCGG ACGTAGCOGT 6850
GTTGAOGTCC ATGCTCACTG ATCCCTOOCA TATAACAGCA GAGROAGCG 6900
GGAGAAGGTT GEOGAGAGGG TCACOOCCTT CTATAOCCAG CTCCTOERCT 6950
AGCCAGCTGT QOGCTCCATC TCTCAAGGCA ACTTGCACCG CCAACCATGA 7000
CTOOCCTGAC GOOGAGCTCA TAGAGCTAA CCTCCTGIGG AGGCAGEAGA 7050
TOGGOGGCAA CATCACCAGG GTTGAGTCAG AGAACAAAGT QGIGATICTG 7100
GACTCCTTCOG ATCOGCTIGT GOCAGAGEAG GATGAGOGGG AGGICTCCGT 7150
ACCTGCAGAA ATTCTGOGGA AGTCTOGGAG ATTOGOCOGG GOCCTAOOCG 7200
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TCTGEEOECG GCCGGACTAC AACCCCOCGC TAGTAGAGAC GTGGAAAAAG 7250
CCTGACTACG AACCACCTGT GGICCATGAC TGOCCGCTAC CACCICCACG 7300
GTCCCCTCCT GTGOCTAOGC CTAGGAAAAA COGTACGGIG GICCICAQOG 7350
AATCAACCCT ATCTACTGCC TTGGCCOGAGC TTGCCACCAA AAGTTTTGRC 7400
AGCTCCTCAA CTTOOGECAT TACGGGCOGAC AATACGACAA CATCCTCTGA 7450
GCOOGOQCCT TCTGRGECTEOC COCOOERALCTC CGACGTTGAG TCCTATICIT 7500
CCATGOOOCC CCTEEAGEEG GACCCTGEEG ATCCEGATCT CACOGAOEEG 7550
TCATGGTCGA CGGCTCAGTAG TGEECOGAC ACGGAAGATG TCGIGTACIG 7600
CTCAATGTCT TATTCCTIGGA CAGGOGCACT COGTCACCOOG TGOGCTAORG 7650
AAGAACAAAA ACTGOCOCATC AACGCACTGA GCAACTCGIT GCTACGCCAT 7700
CACAATCTGG TGIATTQCAC CACTTCAOGC AGTGCTIGCC AAAGGCAGAA 7750
GAAAGTCACA TTTGACAGAC TGCAAGTTCT GGACAGOCAT TACCAGGAOG 7800
TCCTCAAGGA GGTCAAAGCA GOGACGTCAA AAGTGAAGC TAACTTGCTA 7850
TCCGTAGAGG AAGCTTGCAG CCTGACGOCC CCACATTCAG CCAAATCCAA 7900
GITTGECTAT GGEECAAAAG ACGTQOGTTG CCATGCOCAGA AAGXCGTAG 7950
CCCACATCAA CTQOGIGIGG ARAGACCTTC TGGAAGACAG TGTAACACCA 8000
ATAGACACTA CCATCATGGC CARGAACGAG GTTTTCTGOG TICAGCCTGA 8050
GAAGGGEEGGET CGTAAGCCAG CTCGICTCAT CGIGTTCCCC GACCTCEEG 8100
TCOCOGTGIG CGAGAAGATG GOCCTGIAOG ACGIGGITAG CAAGCTCCCC 8150
CTGCOCGTGA TGGGRAGCTC CTACGGATTC CAATACTCAC CAGGACAGCG 8200
GGTTGAATTC CTCGIGCAAG CGTGGAAGTC CAAGAAGACC CCGATGGERGT 8250
TCTCGTATGA TACCCGCTGT TTTGACTCCA CAGTCACTGA GAGOGACATC 8300
CGTACGGAGG AGGRCAATTTA CCAATGITGT GACCTGGACC CCCAAGCQCG 8350
QGTAGCCATC AAGTCQCCTCA CTGAGAGGCT TTATGITGSG GGCCCICITA 8400

GTACTGACAA CTAGCTGIGG TAACACCCTC ACTTGCTACA TCAAGGCCCG 8500
GGCAGCCTIGT CGAGOCGCAG GGCTOCAGEA CTGCACCATG CTOGIGIGIG 8550
COGACGACTT AGTCGTTATC TGTGAAAGTG CGAGAGGTCOCA GEAGGACG 8600
GOGAGCCTGA GAGCCTTCAC GGAGGCTATG ACCAGGTACT QOGCCOQQCC 8650
COOEGEACCOC CCACAACCAG AATACGACTT GGAGCTTATA ACATCATGCT 8700
CQCTCCARCGT GTCAGTCGOC CACGACGROG CTGGAAAGAG GGICTACTAC 8750
CTTACCCGTG ACCCTACAAC QCCCCTORCG AGAGOOGOGT GGGAGACAGC 8800
AAGACACACT CCAGTCAATT CCTGGCTAGG CAACATAATC ATGITIGOCC 8850
CCACACTGIG QOOGAGGATG ATACTGATGA CCCATTICIT TAGOGICCIC 8900
ATAGCCAGGG ATCAGCTTGA ACAGGCTCTT AACTGIGAGA TCTRCGGAOC 8950
CTGCTACTCC ATAGAACCAC TGGATCTACC TCCAATCATT CARAGACTCC 9000
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ATGGCCTCAG CGCATTTTICA CTOCACAGIT ACTCTCCAGG TGAAATCAAT 9050
AGGGTGRC0G CATGOCTCAG ARAACTTGEG GTOCCGCCCT TGOGAGCTIG 9100
GAGACACOGG GOCOOGAGOG TOOGCGCTAG GCTICTGICC AGAGGAGGCA 9150
GEECTGOTAT ATGTGGCAAG TACCTCTICA ACTGGGCAGT AAGAACAAAG 9200
CTCAAACTCA CTCCAATAGC GGOOGCTGEC OGGCTGGACT TGICOGGTIG 9250
GTTCACGECT GOCTACAGOG GGGGAGACAT TTATCACAGC GIGICTCATG 9300
COOEE0000G CTGGTICTGG TTTIGOCTAC TOCTGCTOGC TGCAGGGGTA 9350
GGCATCTACC TOCTOCCCAA OCGATGAAGG TIGAGGTAAA CACTOCGECC 9400
TCTTAAGCCA TTTCCTGTTT TTTTTITITT TTTTTTITIT TTITTICTTIT 9450
TTTTTTTCTT TOCTTICCTT CTTTTITICC TTICTTTTIC CCTICTTTAA 9500
TGGTEECTCC ATCTTAGOCC TAGTCACGGC TAGCTGTGAA AGGTCCGTGA 9550
GOCGCATGAC TGCAGAGAGT GCTGATACTG GOCTCICTGC AGATCATGT 9599
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10 20 30 40 50
1234567890 1234567890 1234567890 1234567890 1234567890
MSTINPKPQRK TKRNINRREQ DVKFPGEIQL VOGVYLLFPRR GPRLGVRATR %0
KASFRSQFRG RROQPIPKARR PEGRANADPG YPWPLYGNEG LGANAGNLISP 100
RGSRPSWGPT DPRRRSRNLG KVIDTLICGF ADIMGYIPLV GAPLGGAARA 150
LAHGVRVLED GUNYATGNLP GCSFSIFLIA LLSCLITPAS AYEVRNVSGI 200
YHVINDCSNS SIVYEAAINI MHTEGCVECV QEGNSSRCWY ALTPTLAARN 250
ASVPTTTIRR HVDLLVGTAA FCSAMYVGDL: CGSIFINVSQL FIFSPRRHET 300
VODONCSTYP GHVSGHRMAW [TMMMNWSPTT ALVVSQLIRT PQAVVIMVAG 350
AHWGVLAGIA YYSMVRWWAK VLIVALIFAG VDGETHITGR VAGHITSGFT 400
SLFSSGASQOK TQLUNINGSW HINRTAINCN DSLOTGEFAA IFYAHKENSS 450
GCPERMASCR PIDWFAQGWG PTTYTKENSS DORPYCWHYA PRECGVVPAS 500
QVCGPVYCFT PSPVWVGTTD RSGVPTYSWG FNETDVMIIN NTRPPOGNWE 550
GCTWMNSTGF TKTCGGPECN TGGVENRTLI CPTDCFRKHP EATYTKOGSG 600
PWLTPRCIVD YPYRIWHYPC TINFSIFKVR MYVGGVEHRL NAACNWIRGE 650
RCNLEDRDRS ELSPLIISTT FWQILPCAFT TLPALSTGLI HIHONIVIVQ 700

YLYGVGSAEV SFATKWEYTL LIFLITADAR VCACTIWMMIL, TAQAFAATFN 750
LVVINAASVA GAHGILSFIV FFCAAWYIKG RLAPGAAYAF YGUWPLIILL, 800
TALPPRAYAL DIEVAASOGG VVLVGEIMALT LSPYYKRYIS WCMWMWLQYFL 850
TRVEAQLITVW VPPINVRGGR DAVILIMCVW HPTIVEDITK ILILLATFGPLIW 900

TIQASTIKVP YEVRVOGLIR TCALARKIAG GIYVOMATIK LGALTGIYVY 950
NHLTPLRDWA HNGLRDLAVA VEPVWEFSRME TKLITWGADT AACGDIINGL 1000
PVSARRGQET LLGPADGMVS KGARLIAPTIT AYAQQTRGIL GCITTSLIGR 1050
DKNQVEGEVQ  TVSTATQTFL ATCINGVCOWT VYHGAGTRTT ASPKGEVIOM 1100
YINVDODLVG WPAPQGSRSL TECTCGSSDL: YLVTRHADVI PVRRRGDSRG 1150
SLLSPRPISY LKGSSGGPLL CPAGHAVGLE RAAVCTRGVA KAVDFIPVEN 1200
LGTIMRSPVE TONSSPPAVP QSFQVAHTHA PIGSGKSTKV PAAYARQGYK 1250
VLVLNPSVAA TLGFGAYMSK AHGVDENIRT GURTITIGSP ITYSTYGKFL 1300
ADGGCSGGAY DIIICDHCHS TDATSIIGIG TVLDQAETAG ARLVVIATAT 1350
- PPGSVIVSHP NIEEVALSTT GEIPFYGKAT PLEVIKGGRH LIFCHSKKKC 1400
DELAAKI VAL GINAVAYYRG LINSVIPTSG DVVWSTDAL MIGFTGDFDS 1450
VIDONTICVIQ TVDFSLDPTE TIETTTLRQD AVSRTQRRGR TGRGKPGIYR 1500
EVAPGERPSG MFDSSVICEC YDAGCAWYEL, TPAETTVRLR AYMNIPGLEV 1550
CODHLEFWEG VEFTGLTHIDA HFLSQTKQSG ENFPYLVAYQ ATVCARAQAP 1600
PPSWDOMANKC LIRLKPTIHG PTPLLYRUGA VONEVTLTHP ITKYIMICMS 1650
ADLEVVTSTW VLVGGVLAAL AAYCLSTGCV VIVGRIVLSG KPATTIPDREV 1700
LYQEFDEMEE CSQHLPYIEQ GMMLARQOFKQ KALGLIQTAS RHAEVITPAV 1750
OTNWOKLEVE WAKHMANFTS GIQYLAGLST LPGNPAIASL MAFTAAVISP 1800
LTTGQTLLEN ILOGWAAQL AAPGAATAFV GAGLAGAATG SVGLGKVIVD 1850
ILAGYGAGVA GALVAFKIMS GEVPSTEDLV NLLPATLSPG ALWGUWWCAA 1900
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H77CV-J4aa Sequence

10 20 30 40 50
1234567890 1234567890 1234567890 1234567890 1234567890
TLRRHVGEGE GAVUNMNRLI AFASRGNHVS PTHYVPESDA AARVTATISS 1950
LTVIQLLRRL HOWISSECTT PCSGSWLRDI WOWICEVLSD FKIWLKAKIM 2000
POLPGIPFVS CORGYRGWR GDGIMHIRCH CGAETTGHVK NGIMRIVGER 2050
TCRNYWSGTF PINAYTTGPC TPLPAPNYKF ALWRVSAEEY VEIRRVGDFH 2100
YVSGMITINL KCPOQIPSPE FFTELDGVRL HRFAPPCKPL LREEVSFRVG 2150
LHEYPVGSQL PCEPEPIVAV LISMUIDPSH ITAFAAGRRL, ARGSPPMAS 2200
SSASQLSAPS LKATCTANHD SPDAELIFAN LIWROEMOGN TTRVESENKV 2250
VILDSFDELV AEEDEREVSV PAEILRKSRR FARALPVWAR POYNPPLVET 2300
WKKPDYEPEV VHGCPLPPPR SPPVPPPRKK RIVVLIESTL, STALARIATK 2350
SFGSSSTSGIT TGINTITISSE PAPSGCPPDS IVESYSSMPP LEGERGDPDL. 2400
SDGSWSTVSS GADTEDVVOC SMSYSWIGAL VIPCAAERDK LPINALSNSL 2450
IRHENLVYST TSRSACORQK KVTFDRLOVL DSHYQDVIKE VKAAASKVKA 2500
NLISVEFACS LTPPHSAKSK FGYGAKIVRC HARKAVAHIN SWKDLLEDS 2550
VIPIDITIMA KNEVFCVOPE KGGRKPARLI VFPDLGVRVC ERMALYINVS 2600
KLPLAVMGSS YGFQYSPGOR VEFLVORWKS KKTPMGFSYD TRCFDSIVIE 2650
SDIRTEFATY QCCDLDPQAR VAIKSLTERL YVGGPLINSR GENOGYRRCR 2700
ASGVLTTSCG NILICYIKAR AACRAAGIQD CIMLVCGDDL WICESAGVD 2750
EDAASLRAFT EAMTIRYSAPP GDPPQPEYDL ELITSCSSNV SVAHDGAGKR 2800
VYYLTRDPTT PLARAAWETA RHTPUNSWLG NIIMFAPTLW ARMIIMIHFF 2850
SVLIARDQLE QAINCEIYGA CYSIEPLDLP PITQRIHGLS AFSLHSYSPG 2900
EINRVAACTR KLGVPPLRAW RHRARSVRAR LLSROGRAAT CGKYLENWAV 2950
RTKLKLTPTA AAGRLDLSGA FTAGYSOGDI YHSVSHARPR WEWFCLLLIA 3000
AGVGIYLLEN R 3011
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#1a. 3’ Deletion mutants of pCV-H77C
Sequence of 3’ untranslated region of pCV-H77C

5'UTR '
..__..__{ ORF UTR

!

—Be v s maa e

. ’.Zé‘nts; 8tnts 101 nts

| | i
(3’ variable region; 43 nts ) 3 variable poly UG 3" conserved
TGA (Stop codon for polyprotein) region region reglon

AGGTTGGGGT AAACACTCCG GCCTCITAAG CCATTTCCIG

(poly U-UC region; 81 nts) AR
TTTTTTTTTT TTTTTTTTTT TTTTTTTTCT TTTTTTTTIT CTTTCCTTTC
CTTCTTTTTT TCCTTTCTTIT TTCCCTTCTT T

(3’ conserved region; 101 nts)
AATGGTGGCT CCATCTTAGC CCTAGTCACG GCTAGCTGTG AAAGGTCCGT

GAGCCGCATG ACTGCAGAGA GTGCTGATAC TGGCCTCTCT GCAGATCATG
T

#1a -1. pCV-H77C(-98X) ; 3’ 98 nucleotides removed from pCV-H77C
TGAAGGTTGG GGTABRACACT CCGGCCTCTT AAGCCATTTC CTGTITTITIT

TTTTTTTTTIT TTTTTTTTTT TCTTTTTTTT TTITCTTTCCT TTCCTTCTIT
TTTTCCTTTC TTTTITCCCTT CITTAAT

#1a -2. pCV-H77C(-42X) ; 3’ 42 nucleotides removed from pCV-H77C
TGAAGGTTGG GGTAAACACT CCGGCCTCTT_ AAGCCATTTC CTGTTITITIT
TTTTTTTTTT TTTTTTTTTT TCTTTTTTTT TTTCTTTCCT TTCCTTCTIT
TTTTCCTTTC TTTTTCCCTT CTTTAATGGT GGCTCCATCT TAGCCCTAGT
CACGGCTAGC TGTGAAAGGT CCGTGAGCCG CAT

#1a -3. pCV-H77C(X-52) ; All of the 3' UTR sequence, except 3’ 49 nucleotides,
removed from pCV-H77C

TGAGCCGCAT GACTGCAGAG AGTGCTGATA CTGGCCTCTC TGCAGATCAT

- FIG. ITA
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#1a -4. pCV-H77C(X) ; All of the 3’ UTR sequence, except 3’ 101 nucleotides,
removed from pCV-H77C
TGAAATGGTG GCTCCATCTT AGCCCTAGTC ACGGCTAGCT GTGAAAGGTC
CGTGAGCCGC ATGACTGCAG AGAGTGCTGA TACTGGCCTC TCTGCAGATC
ATGT

#1a -5. pCV-H77C(+49X) ; The proximal 49 nucleotides of the 3’ conserved
region ( 98 nucleotides ; AAT not included) removed from pCV-H77C
TGAAGGTTGG GGTAAACACT CCGGCCTCTIT AAGCCATTTC CTGTTTTTTT
TTTTTTTTTT TTTTTTTTTT TCTTTTTTTT TTTCTTTCCT TTCCTTCTTT
TTTTCCTTTC TTTTTCCCTT CTTTAATGCC GCATGACTGC AGAGAGTGCT
GATACTGGCC TCTCTGCAGA TCATGT

#1a -6. pCV-H77C(VR-24) ; First 24 nucleotides of the 3’ variable region
removed from pCV-H77C
TGACTTAAGC CATTTCCTGT TITTTTTITTT TITTTTTTTT TTTTTTTICTT

TTTTTTTITC TTTCCTTTCC TTCTTTTTTT CCITTCTTIT TCCCTTCTTT
AATGGTGGCT CCATCTTAGC CCTAGTCACG GCTAGCTGTG AAAGGTCCGT
GAGCCGCATG ACTGCAGAGA GTGCTGATAC TGGCCTCTCT GCAGATCATG
T

#1a -7. pCV-H77C(-U/UC) ; Poly U-UC region removed from pCV-H77C
TGAAGGTTGG GGTAAACACT CCGGCCTCTT AAGCCATTTC CTGAATGGTG

GCTCCATCTT AGCCCTAGTC ACGGCTAGCT GTGAAAGGTC CGTGAGCCGC
ATGACTGCAG AGAGTGCTGA TACTGGCCTC TCTIGCAGATC ATGT

FIG. I7B
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#1b. Strategy of 3’ Deletion mutants
#1b -1. pCV-H77C(-98X)

3' variable poly U-UC 3’ conserved
region region region

L Af11(9403) :
* A pca
Xbal*

1. PCR Amplification

2. Purification of PCR products

3. Digestion with Af/ll and Xbal

4. Cloning of Aflll /Xbal fragment into pCV-H77C

5. Complete sequence analysis

8. in vitro transcription (within 24 hours of inoculation)
7
8

. Percutaneous intrahepatic transfection into chimpanzee ; 11/26/97 and 12/17/37
. Result : Negative { No replication)

#1b -2. pCV-H77C(-42X)

3' variable poly U-UC 3’ conserved
region region region
l I I l (42 nts) I

4+ -~

AflHl (9403) Nhe | (9530}
Synthesized Oligonucieotides -
.. A

Xbal*

. Synthesis of oligonucleotides ( sense and anti-sense )

. Hybridization of ecligonucieotides

. Digestion with Nhel and Xbal

. Cloning of Nhe | /Xba | fragment intc pG9-KL26 (3’ UTR of H77C)
. Sequence analysis

. Cloning of 3' UTR { -42X ) [Afill /Xba | fragment] into pCV-H77C
. Complete sequence analysis

.in vitro transcription (within 24 hours of inoculation)

. Percutaneous intrahepatic transfection into chimpanzee (Schedule; 1/22/98, 2/5/98 )

FIG.I7C
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#1b -3. pCV-H77C(X-52)

3’ variable poly U-UC 3’ conserved
region region region
TGA (52 nts) (49 nts)
; NS5B
A : Synthesized Qligonucleotides
M,dEI (9160) .""".: uuum:“.b
2 Pfu PCR A
—> l <+— Xbal

|

l' Fusion and Extension

a HITTEEE —
€ $EELLL T ] S ———————ce b

. Fragment a ; Pfu PCR amplification and purification

. Fragment b ; Synthesized oligonucleotides {anti-sense)

. Fusion and extension

. TA cloning

. Sequence analysis

. Cloning Nde I-Xba | fragment with correct sequence into pCV-H77C
. Complete sequence analysis

. In vitro transcription (within 24 hours of inoculation)

w o N O s W N -

. Percutaneous intrahepatic transfection into chimpanzee

FIG. I7D
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#1b -4. pCV-H77C(X)

3’ variable poly U-UC 3’ conserved
region region region
: ___(101nts)

NS5B

N E
Nde 1 (9160) ;
al i

A Pfu PCR

Synthesized Oliqgnucleotide's

: :
toataeand -

l Fusion and Extension

a NG —p
- STNTTERRT c

. Fragment a ; Pfu PCR amplification and purification

. Fragment ¢ ; Synthesized oligonucleotides (anti-sense)

. Fusion and extension

. TA cloning

. Sequence analysis

. Cloning Ndel-Xba !l fragment with correct sequence into pCV-H77C
. Complete sequence analysis

. In vitro transcription (within 24 hours of inoculation)

O 0O ~N O oS W N

. Percutaneous intrahepatic transfection into chimpanzee

FIG. I7E
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#1b -5. pCV-H77C(+49X)

3’ variable poly U-UC 3' conserved
region reglon region

_ nts)

d . Affll (3403) e Synthesized Oligonucleotides
Pfu PCR : :
luul——-—m‘A e
| l Xbat*
l Fusion and Extension
d (1] E 1 ey

< 111111 s

1. Fragment d ; Pfu PCR amplification and purification

2. Fragment e ; Synthesized oligonucieotides {anti-sense)

3. Fusion and extension

4. TA cloning

5. Sequence analysis

6. Cloning Af/ [I-Xba | fragment with correct sequence into pCV-H77C
7. Complete sequence analysis

8. In vitro transcription (within 24 hours of inoculation)

9

. Percutaneous intrahepatic transfection into chimpanzee

FIG. I7F
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#1b -6. pCV-H77C(VR-24)

3’ variable poly U-UC 3’ conserved
region region region

PCR

A :
Nde | (9160) :
A A}}Il *
— —

1. PCR Amplification

2. Purification of PCR products

3. Digestion with Ndel and Afil

4. Cloning of Nde I /Afl !l fragment into pCV-H77C

5. Complete sequence analysis

6. in vitro transcription (within 24 hours of inoculation)

7. Percutaneous intrahepatic transfection into chimpanzee

#1b -7. pCV-H77C(-U/UC)

3" variable poly U-UC 3’ conserved
region region region
(31 nts)

ran

Afl 11 (3403) ; Nhe 1 (9530)
Synthesized Oligonucleotides . .
4 ——

Afill

. Synthesis of oligonucleotides { sense and anti-sense )
. Hybridization of oligonucleotides
. Digestion with Af/ll and Nhel

. Cloning of Afl 1l and Nhe | fragment into pG9-KL26
. Sequence analysis

. Complete sequence analysis
. in vitro transcription (within 24 hours of inoculation)
. Percutaneous intrahepatic transfection into chimpanzee

FIG. I7G

© @ N R W N

. Cloning of 3’ UTR ( -poly U-UC ) [Af/ Il /Xba | fragment] into pCV-H77C
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CLONED GENOMES OF INFECTIOUS
HEPATITIS C VIRUSES AND USES THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a Divisional of U.S. application Ser.
No.: 09/662,454, filed Sep. 14, 2000, now U.S. Pat. No.:
7,201,911, which is a Divisional of U.S. application Ser. No.:
09/014,416, filed Jan. 27, 1998, now U.S. Pat. No.: 6,153,421,
which claims the benefit of U.S. Provisional application Ser.
No.: 60/053,062, filed Jul. 18, 1997, the disclosures of all of
which are hereby expressly incorporated by reference in their
entireties.

FIELD OF THE INVENTION

The present invention relates to molecular approaches to
the production of nucleic acid sequences which comprise the
genome of infectious hepatitis C viruses. In particular, the
invention provides nucleic acid sequences which comprise
the genomes of infectious hepatitis C viruses of genotype la
and 1b strains. The invention therefore relates to the use of
these sequences, and polypeptides encoded by all or part of
these sequences, in the development of vaccines and diagnos-
tic assays for HCV and in the development of screening
assays for the identification of antiviral agents for HCV.

DESCRIPTION OF THE RELATED ART

Hepatitis C virus (HCV) has a positive-sense single-strand
RNA genome and is a member of the virus family Flaviviri-
dae (Choo, Q.-L.,etal. 1991 PNAS USA4 88:2451-2455; Rice,
C. M. 1996 Flaviviridae: The viruses and their replication, In
“Fields Virology”. (B. N. Fields, D. M. Knipe, P. M. Howley,
et al., Eds.), Third ed., Lippincott-Raven Publishers, Phila-
delphia). As for all positive-stranded RNA viruses, the
genome of HCV functions as mRNA from which all viral
proteins necessary for propagation are translated.

The viral genome of HCV is approximately 9600 nucle-
otides (nts) and consists of a highly conserved 5' untranslated
region (UTR), a single long open reading frame (ORF) of
approximately 9,000 nts and a complex 3' UTR. The 5' UTR
contains an internal ribosomal entry site (Tsukiyama-Kohara,
K. etal. 1992 J. Virol. 66:1476-1483; Honda, M. et al. 1996
RNA 2:955-968). The 3' UTR consists of a short variable
region, a polypyrimidine tract of variable length and, at the 3'
end, a highly conserved region of approximately 100 nts
(Kolykhalov,A. A.etal. 1996 J. Virol. 70:3363-3371; Tanaka,
T. etal. 1995 Biochem. Biophys. Res. Commun. 215:744-749;
Tanaka, T. et al. 1996. J. Virol. 70:3307-3312; Yamada, N. et
al. 1996 Virology 223:255-261). The last 46 nucleotides of
this conserved region were predicted to form a stable stem-
loop structure thought to be critical for viral replication
(Blight, K. J. and Rice, C. M. 1997 J. Virol. 71:7345-7352; Tto,
T.and Lai, M. M. C. 1997 J. Virol. 71:8698-8706; Tsuchihara,
K. et al. 1997 J. Virol. 71:6720-6726). The ORF encodes a
large polypeptide precursor that is cleaved into at least 10
proteins by host and viral proteinases (Rice, C. M. 1996
Flaviviridae: The viruses and their replication, In “Fields
Virology”. (B. N. Fields, D. M. Knipe, P. M. Howley, et al.,
Eds.), Third ed., Lippincott-Raven Publishers, Philadelphia).
The predicted envelope proteins contain several conserved
N-linked glycosylation sites and cysteine residues (Okamoto,
H. etal. 1992 Virology 188:331-341). The NS3 gene encodes
a serine protease and an RNA helicase and the NS5B gene
encodes an RNA-dependent RNA polymerase.
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Globally, six major HCV genotypes (genotypes 1-6) and
multiple subtypes (a, b, ¢, etc.) have been identified (Bukh, J.
et al. 1993 PNAS US4 90:8234-8238; Simmonds, P. et al.
1993 J. Gen. Virol. 74:2391-2399). The most divergent HCV
isolates differ from each other by more than 30% over the
entire genome (Okamoto, H. et al. 1992 Virology 188:331-
341) and HCV circulates in an infected individual as a qua-
sispecies of closely related genomes (Bukh, J. et al. 1995
Semin. Liver Dis. 15:41-63; Farci, P. et al. 1997 Springer
Semin. Immunopathol. 19:5-26).

At present, more than 80% of individuals infected with
HCV become chronically infected and these chronically
infected individuals have a relatively high risk of developing
chronic hepatitis, liver cirrhosis and hepatocellular carci-
noma (Hoofnagle, J. H. 1997 Hepatology 26:15S-20S). In the
U.S., HCV genotypes la and 1b constitute the majority of
infections while in many other areas, especially in Europe and
Japan, genotype 1b predominates.

The only effective therapy for chronic hepatitis C, inter-
feron (IFN), induces a sustained response in less than 25% of
treated patients (Fried, M. W. and Hootnagle, J. H. 1995
Semin. Liver Dis. 15:82-91). Consequently, HCV is currently
the most common cause of end stage liver failure and the
reason for about 30% of liver transplants performed in the
U.S. (Hoofnagle, J. H. 1997 Hepatology 26:15S-20S). In
addition, a number of recent studies suggested that the sever-
ity of liver disease and the outcome of therapy may be geno-
type-dependent (reviewed in Bukh, J. et al. 1997 Genetic
heterogeneity of hepatitis C virus and related viruses. In
“Viral Hepatitis and Liver Disease, Proceedings of IX Trien-
nial International Symposium on Viral Hepatitis and Liver
Disease, Rome, Italy, 1996 (M. Rizzetto, R. H. Purcell, J. L.
Gerin and G. Verme, Eds.), pp. 167-175. Edizioni Minerva
Medica, Turin). In particular, these studies suggested that
infection with HCV genotype 1b was associated with more
severe liver disease (Brechot, C. 1997 Hepatology 25:772-
774) and a poorer response to IFN therapy (Fried, M. W. and
Hoofnagle, J. H. 1995 Semin. Liver Dis. 15:82-91). As aresult
of the inability to develop a universally effective therapy
against HCV infection, it is estimated that there are still more
than 25,000 new infections yearly in the U.S. (Alter, M. J.
1997 Hepatology 26:628-65S). Moreover, since there is no
vaccine for HCV, HCV remains a serious public health prob-
lem.

However, despite the intense interest in the development of
vaccines and therapies for HCV, progress has been hindered
by the absence of a useful cell culture system and the lack of
any small animal model for laboratory study. For example,
while replication of HCV in several cell lines has been
reported, such observations have turned out not to be highly
reproducible. In addition, the chimpanzee is the only animal
model, other than man, for this disease. Consequently, HCV
has been able to be studied only by using clinical materials
obtained from patients or experimentally infected chimpan-
zees (an animal model whose availability is very limited).

However, several researchers have recently reported the
construction of infectious cDNA clones of HCV, the identi-
fication of which would permit a more effective search for
susceptible cell lines and facilitate molecular analysis of the
viral genes and their function. For example, Dash, S. et al.
1997 Am. J. Pathol. 151:363-373 and Yoo, B. J. et al. 1995 J.
Virol. 69:32-38 reported that RNA transcripts from cDNA
clones of HCV-1 (genotype la) and HCV-N (genotype 1b),
respectively, resulted in viral replication after transfection
into human hepatoma cell lines. Unfortunately, the viability
of these clones was not tested in vivo and concerns were
raised about the infectivity of these cDNA clones in vitro
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(Fausto, N. 1997 Am. J. Pathol. 151:361). In addition, both
clones did not contain the terminal 98 conserved nucleotides
at the very 3' end of the UTR.

Kolykhalov, A. A., et al. 1997 Science 277:570-574 and
Yanagi, M. et al. 1997 PNAS USA 94:8738-8743 reported the
derivation from HCV strain H77 (which is genotype 1a) of
c¢DNA clones of HCV that are infectious for chimpanzees.
However, while these infectious clones will aid in studying
HCV replication and pathogenesis and will provide an impor-
tant tool for development of in vitro replication and propaga-
tion systems, it is important to have infectious clones of more
than one genotype given the extensive genetic heterogeneity
of HCV and the potential impact of such heterogeneity on the
development of effective therapies and vaccines for HCV.

SUMMARY OF THE INVENTION

The present invention relates to nucleic acid sequences
which comprise the genome of infectious hepatitis C viruses
and in particular, nucleic acid sequences which comprise the
genome of infectious hepatitis C viruses of genotype la and
1D strains. It is therefore an object of the invention to provide
nucleic acid sequences which encode infectious hepatitis C
viruses. Such nucleic acid sequences are referred to through-
out the application as “infectious nucleic acid sequences”.

For the purposes of this application, nucleic acid sequence
refers to RNA, DNA, cDNA or any variant thereof capable of
directing host organism synthesis of a hepatitis C virus
polypeptide. It is understood that nucleic acid sequence
encompasses nucleic acid sequences, which due to degen-
eracy, encode the same polypeptide sequence as the nucleic
acid sequences described herein.

The invention also relates to the use of the infectious
nucleic acid sequences to produce chimeric genomes consist-
ing of portions of the open reading frames of infectious
nucleic acid sequences of other genotypes (including, but not
limited to, genotypes 1, 2, 3, 4, 5 and 6) and subtypes (includ-
ing, but not limited to, subtypes la, 1b, 2a, 2b, 2¢, 3a 4a-4f, Sa
and 6a) of HCV. For example infectious nucleic acid
sequence of the la and 1b strains H77 and HC-J4, respec-
tively, described herein can be used to produce chimeras with
sequences from the genomes of other strains of HCV from
different genotypes or subtypes. Nucleic acid sequences
which comprise sequence from the open-reading frames of 2
or more HCV genotypes or subtypes are designated “chi-
meric nucleic acid sequences”.

The invention further relates to mutations of the infectious
nucleic acid sequences of the invention where mutation
includes, but is not limited to, point mutations, deletions and
insertions. In one embodiment, a gene or fragment thereof
can be deleted to determine the effect of the deleted gene or
genes on the properties of the encoded virus such as its viru-
lence and its ability to replicate. In an alternative embodi-
ment, a mutation may be introduced into the infectious
nucleic acid sequences to examine the effect of the mutation
on the properties of the virus in the host cell.

The invention also relates to the introduction of mutations
or deletions into the infectious nucleic acid sequences in
order to produce an attenuated hepatitis C virus suitable for
vaccine development.

The invention further relates to the use of the infectious
nucleic acid sequences to produce attenuated viruses via pas-
sage in vitro or in vivo of the viruses produced by transfection
of a host cell with the infectious nucleic acid sequence.

The present invention also relates to the use of the nucleic
acid sequences of the invention or fragments thereof in the
production of polypeptides where “nucleic acid sequences of
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the invention” refers to infectious nucleic acid sequences,
mutations of infectious nucleic acid sequences, chimeric
nucleic acid sequences and sequences which comprise the
genome of attenuated viruses produced from the infectious
nucleic acid sequences of the invention. The polypeptides of
the invention, especially structural polypeptides, can serve as
immunogens in the development of vaccines or as antigens in
the development of diagnostic assays for detecting the pres-
ence of HCV in biological samples.

The invention therefore also relates to vaccines for use in
immunizing mammals especially humans against hepatitis C.
In one embodiment, the vaccine comprises one or more
polypeptides made from a nucleic acid sequence of the inven-
tion or fragment thereof. In a second embodiment, the vaccine
comprises a hepatitis C virus produced by transfection of host
cells with the nucleic acid sequences of the invention.

The present invention therefore relates to methods for pre-
venting hepatitis C in a mammal. In one embodiment the
method comprises administering to a mammal a polypeptide
or polypeptides encoded by a nucleic acid sequence of the
invention in an amount effective to induce protective immu-
nity to hepatitis C. In another embodiment, the method of
prevention comprises administering to a mammal a hepatitis
C virus of the invention in an amount effective to induce
protective immunity against hepatitis C.

In yet another embodiment, the method of protection com-
prises administering to a mammal a nucleic acid sequence of
the invention or a fragment thereof in an amount effective to
induce protective immunity against hepatitis C.

The invention also relates to hepatitis C viruses produced
by host cells transfected with the nucleic acid sequences of
the present invention.

The invention therefore also provides pharmaceutical com-
positions comprising the nucleic acid sequences of the inven-
tion and/or their encoded hepatitis C viruses. The invention
further provides pharmaceutical compositions comprising
polypeptides encoded by the nucleic acid sequences of the
invention or fragments thereof. The pharmaceutical compo-
sitions of the invention may be used prophylactically or thera-
peutically.

The invention also relates to antibodies to the hepatitis C
viruses of the invention or their encoded polypeptides and to
pharmaceutical compositions comprising these antibodies.

The present invention further relates to polypeptides
encoded by the nucleic acid sequences of the invention frag-
ments thereof. In one embodiment, said polypeptide or
polypeptides are fully or partially purified from hepatitis C
virus produced by cells transfected with nucleic acid
sequence of the invention. In another embodiment, the
polypeptide or polypeptides are produced recombinantly
from a fragment of the nucleic acid sequences of the inven-
tion. In yet another embodiment, the polypeptides are chemi-
cally synthesized.

The invention also relates to the use of the nucleic acid
sequences of the invention to identify cell lines capable of
supporting the replication of HCV in vitro.

The invention further relates to the use of the nucleic acid
sequences of the invention or their encoded proteases (e.g.
NS3 protease) to develop screening assays to identify antivi-
ral agents for HCV.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a strategy for constructing full-length cDNA
clones of HCV strain H77. The long PCR products amplified
with H1 and H9417R primers were cloned directly into
pGEM-9z1(-) after digestion with NotI and Xbal (pH21, and
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pHS50,). Next, the 3' UTR was cloned into both pH21,, and
pHS50,, after digestion with Aflll and Xbal (pH21 and pH50).
pH21 was tested for infectivity in a chimpanzee. To improve
the efficiency of cloning, we constructed a cassette vector
with consensus 5' and 3' termini of H77. This cassette vector
(pCV) was obtained by cutting out the BamHI fragment (nts
1358-7530 of the H77 genome) from pHS0, followed by
religation. Finally, the long PCR products of H77 amplified
with primers H1 and H9417R (H product) or primers Al and
H9417R (A product) were cloned into pCV after digestion
with Agel and Aflll or with PinAl and Bfrl. The latter proce-
dure yielded multiple complete cDNA clones of strain H77 of
HCV.

FIG. 2 shows the results of gel electrophoresis of long
RT-PCR amplicons of the entire ORF of H77 and the Tran-
scription mixture of the infectious clone of H77. The com-
plete ORF was amplified by long RT-PCR with the primers
H1 or Al and H9417R from 10° GE of H77. A total of 10 ug
of'the consensus chimeric clone (pCV-H77C) linearized with
Xbal was transcribed in a 100 ul reaction with T7 RNA
polymerase. Five pl of the transcription mixture was analyzed
by gel electrophoresis and the remainder of the mixture was
injected into a chimpanzee. Lane 1, molecular weight marker;
lane 2, products amplified with primers H1 and H9417R; lane
3, products amplified with primers Al and H9417R; lane 4,
transcription mixture containing the RNA transcripts and lin-
earized clone pCV-H77C (12.5 kb).

FIG. 3 is a diagram of the genome organization of HCV
strain H77 and the genetic heterogeneity of individual full-
length clones compared with the consensus sequence of H77.
Solid lines represent aa changes. Dashed lines represent silent
mutations. A * in pH21 represents a point mutation at nt 58 in
the 5' UTR. In the ORF, the consensus chimeric clone pCV-
H77C had 11 nt differences [at positions 1625 (C—T), 2709
(T—C), 3380 (A—G), 3710 (C—T), 3914 (G—=A), 4463
(T—=C), 5058 (C—T), 5834 (C—T), 6734 (T—=C), 7154
(C—T), and 7202 (T—C)] and one aa change (F—L at aa
790) compared with the consensus sequence of H77. This
clone was infectious. Clone pH21 and pCV-H11 had 19 nts (7
aa) and 64 nts (21 aa) differences respectively, compared with
the consensus sequence of H77. These two clones were not
infectious. A single point mutation in the 3' UTR at nucleotide
9406 (G—A) introduced to create an Afl I1 cleavage site is not
shown.

FIGS. 4A-4F show the complete nucleotide sequence
(SEQ ID NO: 2) of a H77C clone produced according to the
present invention and FIGS. 4G-4H show the amino acid
sequence (SEQ ID NO: 1) encoded by the H77C clone.

FIG. 5 shows an agarose gel of long RT-PCR amplicons
and transcription mixtures. Lanes 1 and 4: Molecular weight
marker (Lambda/HindIIl digest). Lanes 2 and 3: RT-PCR
amplicons of the entire ORF of HC-J4. Lane 5: pCV-H77C
transcription control (Yanagi et al., 1997). Lanes 6, 7, and 8:
1/40 of each transcription mixture of pCV-J4L2S, pCV-
J41L4S and pCV-J4L6S, respectively, which was injected into
the chimpanzee.

FIG. 6 shows the strategy utilized for the construction of
full-length cDNA clones of HCV strain HC-J4. The long PCR
products were cloned as two separate fragments (L. and S) into
a cassette vector (pCV) with fixed 5' and 3' termini of HCV
(Yanagi etal., 1997). Full-length cDNA clones of HC-J4 were
obtained by inserting the I fragment from three pCV-J4L
clones into three identical pCV-J4S9 clones after digestion
with PinAl (isoschizomer of Agel) and BfrI (isoschizomer of
AfIID).

FIGS. 7A through 7D shows amino acid positions with a
quasispecies of HC-J4 in the acute phase plasma pool
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obtained from an experimentally infected chimpanzee. Cons-
p9: consensus amino acid sequence deduced from analysis of
nine L, fragments and nine S fragments (see FIG. 6). Cons-D:
consensus sequence derived from direct sequencing of the
PCR product. A, B, C: groups of similar viral species. Dot:
amino acid identical to that in Cons-p9. Capital letter: amino
acid different from that in Cons-p9. Cons-F: composite con-
sensus amino acid sequence combining Cons-p9 and Cons-D.
Boxed amino acid: different from that in Cons-F. Shaded
amino acid: different from that in all species A sequences. An
*: defective ORF due to a nucleotide deletion (clone .1, aa
1097) or insertion (clone 1.7, aa 2770). Diagonal lines: frag-
ments used to construct the infectious clone.

FIG. 8 shows comparisons (percent difference) of nucle-
otide (nts. 156-8935) and predicted amino acid sequences (aa
1-2864) of L clones (species A, B, and C, this study), HC-J4/
91 (Okamoto, H. et al. 1992 Virology 190:894-899) and
HC-J4/83 (Okamoto, H. et al. 1992 Virology 190:894-899).
Differences among species A sequences and among species B
sequences are shaded.

FIG. 9 shows UPGMA (“unweighted pair group method
with arithmetic mean”) trees of HC-J4/91 (Okamoto, H. et al.
1992 Virology 190:894-899), HC-J4/83 (Okamoto, H. et al.
1992 Virology 190:894-899), two prototype strains of geno-
type 1b (HCV-], Kato, N. et al. 1990 PNAS USA 87:9524-
9528; HCV-BK, lakamizawa et al., 1991), and L clones (this
study).

FIG. 10 shows the alignment of the HVR1 (SEQ ID NOS:
28, 30, 32, 34, 36-38, 41, 43 and 45) and HVR2 (SEQ ID
NOS: 29, 31, 33, 35, 39, 40, 42, 44 and 46) amino acid
sequences of the E2 sequences of nine L. clones of HC-J4
(species A, B, and C) obtained from an early acute phase
plasma pool of an experimentally infected chimpanzee com-
pared with the sequences of eight clones (HC-J4/91-20
through HC-J4/91-27, Okamoto, H. et al. 1992 Virology 190:
894-899) derived from the inoculum. Dot: an amino acid
identical to that in the top line. Capital letters: amino acid
different from that in the top line.

FIG. 11 shows the alignment of the 5' UTR and the 3' UTR
sequences of infectious clones of genotype la (pCV-H77C)
and 1b (pCV-J4L6S). 5" UTR for HC-J4is SEQIDNO: 47, §'
UTR for pCV-J4L6S is SEQ ID NO: 48, 5' UTR for pCV-
H77C is SEQ ID NO: 49, 3' UTR-3' variable region for HC-J4
is SEQ ID NO: 50 and 53, 3' UTR-3' variable region for
pCV-J4L6S is SEQ ID NO: 51 and 54, 3' UTR-3' variable
region for pCV-H77C is SEQ ID NO: 52 and 54; 3' UTR-3'
conserved region for H77, pCV-J4L6S and pCV-H77C is
SEQ ID NO: 55. Top line: consensus sequence of the indi-
cated strain. Dot: identity with consensus sequence. Capital
letter: different from the consensus sequence. Dash: deletion.
Underlined: PinAl and Bfr] cleavage site. Numbering corre-
sponds to the HCV sequence of pCV-J4L6S.

FIG. 12 shows a comparison of individual full-length
cDNA clones of the ORF of HCV strain HC-J4 with the
consensus sequence (see FIG. 7). Solid lines: amino acid
changes. Dashed lines: silent mutations. Clone pCV-J4L.6S
was infectious in vivo whereas clones pCV-J4L.2S and pCV-
J4LA4S were not.

FIG. 13 shows biochemical (ALT levels) and PCR analyses
of a chimpanzee following percutaneous intrahepatic trans-
fection with RNA transcripts of the infectious clone of pCV-
J4L28S, pCV-J4L4S and pCV-J4L6S. The ALT serum enzyme
levels were measured in units per liter (u/1). For the PCR
analysis, “HCV RNA” represented by an open rectangle indi-
cates a serum sample that was negative for HCV after nested
PCR; “HCV RNA” represented by a closed rectangle indi-
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cates that the serum sample was positive for HCV and HCV
GE titer on the right-hand y-axis represents genome equiva-
lents.

FIGS. 14 A-14F show the nucleotide sequence of the infec-
tious clone of genotype 1b strain HC-J4 (SEQ ID NO: 4) and
FIGS. 14G-14H show the amino acid sequence (SEQ ID NO:
3) encoded by the HC-J4 clone.

FIG. 15 shows the strategy for constructing a chimeric
HCYV clone designated pH77CV-J4 which contains the non-
structural region of the infectious clone of genotype 1a strain
H77 and the structural region of the infectious clone of geno-
type 1b strain HC-J4.

FIGS. 16 A-16F show the nucleotide sequence of the chi-
meric 1a/1b clone pH77CV-J4 (SEQ ID NO: 6) of FIG. 15
and FIGS. 16G-16H show the amino acid sequence encoded
by the chimeric 1a/1b clone (SEQ ID NO: 5).

FIGS. 17A and 17B show the sequence of the 3' untrans-
lated region remaining in various 3' deletion mutants of the la
infectious clone pCV-H77C (pCV-H77C has SEQ ID NOS:
56, 57 and 58; pCV-H77C (-98X) has SEQ ID NO: 59;
pCV-H77C (-42X) has SEQ ID NO: 60; pCV-H77C (X-52)
has SEQ ID NO: 61; pCV-H77C(X) has SEQ ID NO: 62,
pCV-H77C(+49X) has SEQ ID NO: 63; pCV-H77C (VR-24)
has SEQ ID NO: 64; and pCV-H77C (-U/UC) has SEQ ID
NO: 65) and the strategy utilized in constructing each 3'
deletion mutant (FIGS. 17C-17G).

Of the seven deletion mutants shown, two (pCV-H77C(-
98X) and (-42X)) have been constructed and tested for infec-
tivity in chimpanzees (see FIGS. 17A and 17C) and the other
six are to be constructed and tested for infectivity as described
in FIGS. 17D-17G.

FIGS. 18A and 18B show biochemical (ALT levels), PCR
(HCV RNA and HCV GE titer), serological (anti-HCV) and
histopathological (FIG. 18B only) analyses of chimpanzees
1494 (FIG. 18A) and 1530 (FIG. 18B) following transfection
with the infectious cDNA clone pCV-H77C.

The AL-T serum enzyme levels were measured in units per
ml (v/i). For the PCR analysis, “HCV RNA” represented by
an open rectangle indicates a serum sample that was negative
for HCV after nested PCR; “HCV RNA” represented by a
closed rectangle indicates that the serum sample was positive
for HCV; and HCV GE titer on the right-hand y-axis repre-
sents genome equivalents.

The bar marked “anti-HCV” indicates samples that were
positive for anti-HCV antibodies as determined by commer-
cial assays. The histopathology scores in FIG. 18B corre-
spond to no histopathology (o), mild hepatitis (&) and mod-
erate to severe hepatitis (@).

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to nucleic acid sequences
which comprise the genome of an infectious hepatitis C virus.
More specifically, the invention relates to nucleic acid
sequences which encode infectious hepatitis C viruses of
genotype laand 1b strains. In one embodiment, the infectious
nucleic acid sequence of the invention has the sequence
shown in FIGS. 4 A-4F of this application. In another embodi-
ment, the infectious nucleic acid sequence has the sequence
shown in FIGS. 14A-14F and is contained in a plasmid con-
struct deposited with the American Type Culture Collection
(ATCC)on Jan. 26, 1998 and having ATCC accession number
209596.

The invention also relates to “chimeric nucleic acid
sequences” where the chimeric nucleic acid sequences con-
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sist of open-reading frame sequences taken from infectious
nucleic acid sequences of hepatitis C viruses of different
genotypes or subtypes.

In one embodiment, the chimeric nucleic acid sequence
consists of sequence from the genome of an HCV strain
belonging to one genotype or subtype which encodes struc-
tural polypeptides and sequence of an HCV strain belonging
to another genotype strain or subtype which encodes non-
structural polypeptides. Such chimeras can be produced by
standard techniques of restriction digestion, PCR amplifica-
tion and subcloning known to those of ordinary skill in the art.

In a preferred embodiment, the sequence encoding non-
structural polypeptides is from an infectious nucleic acid
sequence encoding a genotype la strain where the construc-
tion of a chimeric 1a/1b nucleic acid sequence is described in
Example 9 and the chimeric 1a/1b nucleic acid sequence is
shown in FIGS. 16A-16F. It is believed that the construction
of'such chimeric nucleic acid sequences will be of importance
in studying the growth and virulence properties of hepatitis C
virus and in the production of hepatitis C viruses suitable to
confer protection against multiple genotypes of HCV. For
example, one might produce a “multivalent” vaccine by put-
ting epitopes from several genotypes or subtypes into one
clone. Alternatively one might replace just a single gene from
an infectious sequence with the corresponding gene from the
genomic sequence of a strain from another genotype or sub-
type or create a chimeric gene which contains portions of a
gene from two genotypes or subtypes. Examples of genes
which could be replaced or which could be made chimeric,
include, but are not limited to, the E1, E2 and NS4 genes.

The invention further relates to mutations of the infectious
nucleic acid sequences where “mutations” includes, but is not
limited to, point mutations, deletions and insertions. Of
course, one of ordinary skill in the art would recognize that
the size of the insertions would be limited by the ability of the
resultant nucleic acid sequence to be properly packaged
within the virion. Such mutation could be produced by tech-
niques known to those of skill in the art such as site-directed
mutagenesis, fusion PCR, and restriction digestion followed
by religation.

In one embodiment, mutagenesis might be undertaken to
determine sequences that are important for viral properties
such as replication or virulence. For example, one may intro-
duce a mutation into the infectious nucleic acid sequence
which eliminates the cleavage site between the NS4A and
NS4B polypeptides to examine the effects on viral replication
and processing of the polypeptide. Alternatively, one or more
of'the 3 amino acids encoded by the infectious 1b nucleic acid
sequence shown in FIGS. 14A-14F which differ from the
HC-J4 consensus sequence may be back mutated to the cor-
responding amino acid in the HC-J4 consensus sequence to
determine the importance of these three amino acid changes
to infectivity or virulence. In yet another embodiment, one or
more of the amino acids from the noninfectious 1b clones
pCV-J4L2S and pCV-J4L4S which differ from the consensus
sequence may be introduced into the infectious 1b sequence
shown in FIGS. 14A-14F.

Inyet another example, one may delete all or part of a gene
or of the 5' or 3' nontranslated region contained in an infec-
tious nucleic acid sequence and then transfect a host cell
(animal or cell culture) with the mutated sequence and mea-
sure viral replication in the host by methods known in the art
such as RT-PCR. Preferred genes include, but are not limited
to, the P7, NS4B and NS5A genes. Of course, those of ordi-
nary skill in the art will understand that deletion of part of a
gene, preferably the central portion of the gene, may be pref-
erable to deletion of the entire gene in order to conserve the
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cleavage site boundaries which exist between proteins in the
HCV polyprotein and which are necessary for proper pro-
cessing of the polyprotein.

In the alternative, if the transfection is into a host animal
such as a chimpanzee, one can monitor the virulence pheno-
type of the virus produced by transfection of the mutated
infectious nucleic acid sequence by methods known in the art
such as measurement of liver enzyme levels (alanine ami-
notransferase (ALT) or isocitrate dehydrogenase (ICD)) orby
histopathology ofliver biopsies. Thus, mutations of the infec-
tious nucleic acid sequences may be useful in the production
of attenuated HCV strains suitable for vaccine use.

The invention also relates to the use of the infectious
nucleic acid sequences of the present invention to produce
attenuated viral strains via passage in vitro or in vivo of the
virus produced by transfection with the infectious nucleic
acid sequences.

The present invention therefore relates to the use of the
nucleic acid sequences of the invention to identify cell lines
capable of supporting the replication of HCV.

In particular, it is contemplated that the mutations of the
infectious nucleic acid sequences of the invention and the
production of chimeric sequences as discussed above may be
useful in identifying sequences critical for cell culture adap-
tation of HCV and hence, may be useful in identifying cell
lines capable of supporting HCV replication.

Transfection of tissue culture cells with the nucleic acid
sequences of the invention may be done by methods of trans-
fection known in the art such as electroporation, precipitation
with DEAE-Dextran or calcium phosphate or liposomes.

In one such embodiment, the method comprises the grow-
ing of animal cells, especially human cells, in vitro and trans-
fecting the cells with the nucleic acid of the invention, then
determining if the cells show indicia of HCV infection. Such
indicia include the detection of viral antigens in the cell, for
example, by immunofluorescent procedures well known in
the art; the detection of viral polypeptides by Western blotting
using antibodies specific therefor; and the detection of newly
transcribed viral RNA within the cells via methods such as
RT-PCR. The presence of live, infectious virus particles fol-
lowing such tests may also be shown by injection of cell
culture medium or cell lysates into healthy, susceptible ani-
mals, with subsequent exhibition of the symptoms of HCV
infection.

Suitable cells or cell lines for culturing HCV include, but
are not limited to, lymphocyte and hepatocyte cell lines
known in the art.

Alternatively, primary hepatocytes can be cultured, and
then infected with HCV; or, the hepatocyte cultures could be
derived from the livers of infected chimpanzees. In addition,
various immortalization methods known to those of ordinary
skill in the art can be used to obtain cell-lines derived from
hepatocyte cultures. For example, primary hepatocyte cul-
tures may be fused to a variety of cells to maintain stability.

The present invention further relates to the in vitro and in
vivo production of hepatitis C viruses from the nucleic acid
sequences of the invention.

In one embodiment, the sequences of the invention can be
inserted into an expression vector that functions in eukaryotic
cells. Eukaryotic expression vectors suitable for producing
high efficiency gene transfer in vivo are well known to those
of ordinary skill in the art and include, but are not limited to,
plasmids, vaccinia viruses, retroviruses, adenoviruses and
adeno-associated viruses.

In another embodiment, the sequences contained in the
recombinant expression vector can be transcribed in vitro by
methods known to those of ordinary skill in the art in order to
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produce RNA ftranscripts which encode the hepatitis C
viruses of the invention. The hepatitis C viruses of the inven-
tion may then be produced by transfecting cells by methods
known to those of ordinary skill in the art with either the in
vitro transcription mixture containing the RNA transcripts
(see Example 4) or with the recombinant expression vectors
containing the nucleic acid sequences described herein.

The present invention also relates to the construction of
cassette vectors useful in the cloning of viral genomes
wherein said vectors comprise a nucleic acid sequence to be
cloned, and said vector reading in the correct phase for the
expression of the viral nucleic acid to be cloned. Such a
cassette vector will, of course, also possess a promoter
sequence, advantageously placed upstream of the sequence to
be expressed. Cassette vectors according to the present inven-
tion are constructed according to the procedure described in
FIG.1, forexample, starting with plasmid pCV. Of course, the
DNA to be inserted into said cassette vector can be derived
from any virus, advantageously from HCV, and most advan-
tageously from the H77 strain of HCV. The nucleic acid to be
inserted according to the present invention can, for example,
contain one or more open reading frames of the virus, for
example, HCV. The cassette vectors of the present invention
may also contain, optionally, one or more expressible marker
genes for expression as an indication of successful transfec-
tion and expression of the nucleic acid sequences of the
vector. To insure expression, the cassette vectors of the
present invention will contain a promoter sequence for bind-
ing of the appropriate cellular RNA polymerase, which will
depend on the cell into which the vector has been introduced.
For example, if the host cell is a bacterial cell, then said
promoter will be a bacterial promoter sequence to which the
bacterial RNA polymerases will bind.

The hepatitis C viruses produced from the sequences of the
invention may be purified or partially purified from the trans-
fected cells by methods known to those of ordinary skill in the
art. In a preferred embodiment, the viruses are partially puri-
fied prior to their use as immunogens in the pharmaceutical
compositions and vaccines of the present invention.

The present invention therefore relates to the use of the
hepatitis C viruses produced from the nucleic acid sequences
of'the invention as immunogens in live or killed (e.g., forma-
lin inactivated) vaccines to prevent hepatitis C in a mammal.

In an alternative embodiment, the immunogen of the
present invention may be an infectious nucleic acid sequence,
a chimeric nucleic acid sequence, or a mutated infectious
nucleic acid sequence which encodes a hepatitis C virus.
Where the sequence is a cDNA sequence, the cDNAs and
their RNA transcripts may be used to transfect a mammal by
direct injection into the liver tissue of the mammal as
described in the Examples.

Alternatively, direct gene transfer may be accomplished
via administration of a eukaryotic expression vector contain-
ing a nucleic acid sequence of the invention.

In yet another embodiment, the immunogen may be a
polypeptide encoded by the nucleic acid sequences of the
invention. The present invention therefore also relates to
polypeptides produced from the nucleic acid sequences of the
invention or fragments thereof. In one embodiment, polypep-
tides of the present invention can be recombinantly produced
by synthesis from the nucleic acid sequences of the invention
or isolated fragments thereof, and purified, or partially puri-
fied, from transfected cells using methods already known in
the art. In an alternative embodiment, the polypeptides may
be purified or partially purified from viral particles produced
via transfection of a host cell with the nucleic acid sequences
of the invention. Such polypeptides might, for example,
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include either capsid or envelope polypeptides prepared from
the sequences of the present invention.

When used as immunogens, the nucleic acid sequences of
the invention, or the polypeptides or viruses produced there-
from, are preferably partially purified prior to use as immu-
nogens in pharmaceutical compositions and vaccines of the
present invention. When used as a vaccine, the sequences and
the polypeptide and virus products thereof, can be adminis-
tered alone or in a suitable diluent, including, but not limited
to, water, saline, or some type of buffered medium. The vac-
cine according to the present invention may be administered
to an animal, especially a mammal, and most especially a
human, by a variety of routes, including, but not limited to,
intradermally, intramuscularly, subcutaneously, or in any
combination thereof.

Suitable amounts of material to administer for prophylactic
and therapeutic purposes will vary depending on the route
selected and the immunogen (nucleic acid, virus, polypep-
tide) administered. One skilled in the art will appreciate that
the amounts to be administered for any particular treatment
protocol can be readily determined without undue experi-
mentation. The vaccines of the present invention may be
administered once or periodically until a suitable titer of
anti-HCV antibodies appear in the blood. For an immunogen
consisting of a nucleic acid sequence, a suitable amount of
nucleic acid sequence to be used for prophylactic purposes
might be expected to fall in the range of from about 100 pg to
about 5 mg and most preferably in the range of from about
500 ng to about 2 mg. For a polypeptide, a suitable amount to
use for prophylactic purposes is preferably 100 ng to 100 pg
and for a virus 10? to 10° infectious doses. Such administra-
tion will, of course, occur prior to any sign of HCV infection.

A vaccine of the present invention may be employed in
such forms as capsules, liquid solutions, suspensions or elix-
irs for oral administration, or sterile liquid forms such as
solutions or suspensions. Any inert carrier is preferably used,
such as saline or phosphate-buffered saline, or any such car-
rier in which the HCV of the present invention can be suitably
suspended. The vaccines may be in the form of single dose
preparations or in multi-dose flasks which can be utilized for
mass-vaccination programs of both animals and humans. For
purposes of using the vaccines of the present invention refer-
ence is made to Remington’s Pharmaceutical Sciences, Mack
Publishing Co., Easton, Pa., Osol (Ed.) (1980); and New
Trends and Developments in Vaccines, Voller et al. (Eds.),
University Park Press, Baltimore, Md. (1978), both of which
provide much useful information for preparing and using
vaccines. Of course, the polypeptides of the present inven-
tion, when used as vaccines, can include, as part of the com-
position or emulsion, a suitable adjuvant, such as alum (or
aluminum hydroxide) when humans are to be vaccinated, to
further stimulate production of antibodies by immune cells.
When nucleic acids or viruses are used for vaccination pur-
poses, other specific adjuvants such as CpG motifs (Krieg, A.
M. et al. 1995 Nature 374:546 and Krieg, A. M. et al. 1996 J.
Lab. Clin. Med. 128:128), may prove useful.

When the nucleic acids, viruses and polypeptides of the
present invention are used as vaccines or inocula, they will
normally exist as physically discrete units suitable as a uni-
tary dosage for animals, especially mammals, and most espe-
cially humans, wherein each unit will contain a predeter-
mined quantity of active material calculated to produce the
desired immunogenic effect in association with the required
diluent. The dose of said vaccine or inoculum according to the
present invention is administered at least once. In order to
increase the antibody level, a second or booster dose may be
administered at some time after the initial dose. The need for,
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and timing of, such booster dose will, of course, be deter-
mined within the sound judgment of the administrator of such
vaccine or inoculum and according to sound principles well
known in the art. For example, such booster dose could rea-
sonably be expected to be advantageous at some time
between about 2 weeks to about 6 months following the initial
vaccination. Subsequent doses may be administered as indi-
cated.

The nucleic acid sequences, viruses and polypeptides of
the present invention can also be administered for purposes of
therapy, where a mammal, especially a primate, and most
especially a human, is already infected, as shown by well
known diagnostic measures. When the nucleic acid
sequences, viruses or polypeptides of the present invention
are used for such therapeutic purposes, much of the same
criteria will apply as when it is used as a vaccine, except that
inoculation will occur post-infection. Thus, when the nucleic
acid sequences, viruses or polypeptides of the present inven-
tion are used as therapeutic agents in the treatment of infec-
tion, the therapeutic agent comprises a pharmaceutical com-
position containing a sufficient amount of said nucleic acid
sequences, viruses or polypeptides so as to elicit a therapeu-
tically effective response in the organism to be treated. Of
course, the amount of pharmaceutical composition to be
administered will, as for vaccines, vary depending on the
immunogen contained therein (nucleic acid, polypeptide,
virus) and on the route of administration.

The therapeutic agent according to the present invention
can thus be administered by, subcutaneous, intramuscular or
intradermal routes. One skilled in the art will certainly appre-
ciate that the amounts to be administered for any particular
treatment protocol can be readily determined without undue
experimentation. Of course, the actual amounts will vary
depending on the route of administration as well as the sex,
age, and clinical status of the subject which, in the case of
human patients, is to be determined with the sound judgment
of the clinician.

The therapeutic agent of the present invention can be
employed in such forms as capsules, liquid solutions, suspen-
sions or elixirs, or sterile liquid forms such as solutions or
suspensions. Any inert carrier is preferably used, such as
saline, phosphate-buffered saline, or any such carrier in
which the HCV of the present invention can be suitably sus-
pended. The therapeutic agents may be in the form of single
dose preparations or in the multi-dose flasks which can be
utilized for mass-treatment programs of both animals and
humans. Of course, when the nucleic acid sequences, viruses
or polypeptides of the present invention are used as therapeu-
tic agents they may be administered as a single dose or as a
series of doses, depending on the situation as determined by
the person conducting the treatment.

The nucleic acids, polypeptides and viruses of the present
invention can also be utilized in the production of antibodies
against HCV. The term “antibody” is herein used to refer to
immunoglobulin molecules and immunologically active por-
tions of immunoglobulin molecules. Examples of antibody
molecules are intact immunoglobulin molecules, substan-
tially intact immunoglobulin molecules and portions of an
immunoglobulin molecule, including those portions known
in the art as Fab, F(ab'), and F(v) as well as chimeric antibody
molecules.

Thus, the polypeptides, viruses and nucleic acid sequences
of the present invention can be used in the generation of
antibodies that immunoreact (i.e., specific binding between
an antigenic determinant-containing molecule and a mol-
ecule containing an antibody combining site such as a whole
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antibody molecule or an active portion thereof) with antigenic
determinants on the surface of hepatitis C virus particles.

The present invention therefore also relates to antibodies
produced following immunization with the nucleic acid
sequences, viruses or polypeptides of the present invention.
These antibodies are typically produced by immunizing a
mammal with an immunogen or vaccine to induce antibody
molecules having immunospecificity for polypeptides or
viruses produced in response to infection with the nucleic
acid sequences of the present invention. When used in gen-
erating such antibodies, the nucleic acid sequences, viruses,
or polypeptides of the present invention may be linked to
some type of carrier molecule. The resulting antibody mol-
ecules are then collected from said mammal. Antibodies pro-
duced according to the present invention have the unique
advantage of being generated in response to authentic, func-
tional, polypeptides produced according to the actual cloned
HCV genome.

The antibody molecules of the present invention may be
polyclonal or monoclonal. Monoclonal antibodies are readily
produced by methods well known in the art. Portions of
immunoglobin molecules, such as Fabs, as well as chimeric
antibodies, may also be produced by methods well known to
those of ordinary skill in the art of generating such antibodies.

The antibodies according to the present invention may also
be contained in blood plasma, serum, hybridoma superna-
tants, and the like. Alternatively, the antibody of the present
invention is isolated to the extent desired by well known
techniques such as, for example, using DEAE Sephadex. The
antibodies produced according to the present invention may
be further purified so as to obtain specific classes or sub-
classes of antibody such as IgM, IgG, IgA, and the like.
Antibodies of the IgG class are preferred for purposes of
passive protection.

The antibodies of the present invention are useful in the
prevention and treatment of diseases caused by hepatitis C
virus in animals, especially mammals, and most especially
humans.

In providing the antibodies of the present invention to a
recipient mammal, preferably a human, the dosage of admin-
istered antibodies will vary depending on such factors as the
mammal’s age, weight, height, sex, general medical condi-
tion, previous medical history, and the like.

In general, it will be advantageous to provide the recipient
mammal with a dosage of antibodies in the range of from
about 1 mg/kg body weight to about 10 mg/kg body weight of
the mammal, although a lower or higher dose may be admin-
istered if found desirable. Such antibodies will normally be
administered by intravenous or intramuscular route as an
inoculum. The antibodies of the present invention are
intended to be provided to the recipient subject in an amount
sufficient to prevent, lessen or attenuate the severity, extent or
duration of any existing infection.

The antibodies prepared by use of the nucleic acid
sequences, viruses or polypeptides of the present invention
are also highly useful for diagnostic purposes. For example,
the antibodies can be used as in vitro diagnostic agents to test
for the presence of HCV in biological samples taken from
animals, especially humans. Such assays include, but are not
limited to, radioimmunoassays, EIA, fluorescence, Western
blot analysis and ELISAs. In one such embodiment, the bio-
logical sample is contacted with antibodies of the present
invention and a labeled second antibody is used to detect the
presence of HCV to which the antibodies are bound.

Such assays may be, for example, a direct protocol (where
the labeled first antibody is immunoreactive with the antigen,
such as, for example, a polypeptide on the surface of the
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virus), an indirect protocol (where a labeled second antibody
is reactive with the first antibody), a competitive protocol
(such as would involve the addition of a labeled antigen), or a
sandwich protocol (where both labeled and unlabeled anti-
body are used), as well as other protocols well known and
described in the art.

In one embodiment, an immunoassay method would uti-
lize an antibody specific for HCV envelope determinants and
would further comprise the steps of contacting a biological
sample with the HCV-specific antibody and then detecting the
presence of HCV material in the test sample using one of the
types of assay protocols as described above. Polypeptides and
antibodies produced according to the present invention may
also be supplied in the form of a kit, either present in vials as
purified material, or present in compositions and suspended
in suitable diluents as previously described.

In a preferred embodiment, such a diagnostic test kit for
detection of HCV antigens in a test sample comprises in
combination a series of containers, each container a reagent
needed for such assay. Thus, one such container would con-
tain a specific amount of HCV-specific antibody as already
described, a second container would contain a diluent for
suspension of the sample to be tested, a third container would
contain a positive control and an additional container would
contain a negative control. An additional container could
contain a blank.

For all prophylactic, therapeutic and diagnostic uses, the
antibodies of the invention and other reagents, plus appropri-
ate devices and accessories, may be provided in the form of a
kit so as to facilitate ready availability and ease of use.

The present invention also relates to the use of nucleic acid
sequences and polypeptides of the present invention to screen
potential antiviral agents for antiviral activity against HCV.
Such screening methods are known by those of skill in the art.
Generally, the antiviral agents are tested at a variety of con-
centrations, for their effect on preventing viral replication in
cell culture systems which support viral replication, and then
for an inhibition of infectivity or of viral pathogenicity (and a
low level of toxicity) in an animal model system.

In one embodiment, animal cells (especially human cells)
transfected with the nucleic acid sequences of the invention
are cultured in vitro and the cells are treated with a candidate
antiviral agent (a chemical, peptide etc.) for antiviral activity
by adding the candidate agent to the medium. The treated
cells are then exposed, possibly under transfecting or fusing
conditions known in the art, to the nucleic acid sequences of
the present invention. A sufficient period of time would then
be allowed to pass for infection to occur, following which the
presence or absence of viral replication would be determined
versus untreated control cells by methods known to those of
ordinary skill in the art. Such methods include, but are not
limited to, the detection of viral antigens in the cell, for
example, by immunofluorescent procedures well known in
the art; the detection of viral polypeptides by Western blotting
using antibodies specific therefor; the detection of newly
transcribed viral RNA within the cells by RT-PCR; and the
detection of the presence of live, infectious virus particles by
injection of cell culture medium or cell lysates into healthy,
susceptible animals, with subsequent exhibition of the symp-
toms of HCV infection. A comparison of results obtained for
control cells (treated only with nucleic acid sequence) with
those obtained for treated cells (nucleic acid sequence and
antiviral agent) would indicate, the degree, if any, of antiviral
activity of the candidate antiviral agent. Of course, one of
ordinary skill in the art would readily understand that such
cells can be treated with the candidate antiviral agent either
before or after exposure to the nucleic acid sequence of the
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present invention so as to determine what stage, or stages, of
viral infection and replication said agent is effective against.

In an alternative embodiment, a protease such as NS3
protease produced from a nucleic acid sequence of the inven-
tion may be used to screen for protease inhibitors which may
act as antiviral agents. The structural and nonstructural
regions of the HCV genome, including nucleotide and amino
acid locations, have been determined, for example, as
depicted in Houghton, M. 1996 Hepatitis C viruses. In “Fields
Virology” (B. N. Fields, D. M. Knipe, P. M. Howley, et al.,
Eds.), Third ed., Lippincott-Raven Publishers, Philadelphia,
FIG. 1; and Major, M. E. and Feinstone, S. M. 1997 Heptol-
ogy 25:1527-1538, Table 1.

Such above-mentioned protease inhibitors may take the
form of chemical compounds or peptides which mimic the
known cleavage sites of the protease and may be screened
using methods known to those of skill in the art (Houghton,
M. 1996 Hepatitis C viruses. In “Fields Virology” (B. N.
Fields, D. M. Knipe, P. M. Howley, et al., Eds.), Third ed.,
Lippincott-Raven Publishers, Philadelphia and Major, M. E.
and Feinstone, S. M. 1997 Heptology 25:1527-1538). For
example, a substrate may be employed which mimics the
protease’s natural substrate, but which provides a detectable
signal (e.g. by fluorimetric or calorimetric methods) when
cleaved. This substrate is then incubated with the protease and
the candidate protease inhibitor under conditions of suitable
pH, temperature etc. to detect protease activity. The pro-
teolytic activities of the protease in the presence or absence of
the candidate inhibitor are then determined.

In yet another embodiment, a candidate antiviral agent
(such as a protease inhibitor) may be directly assayed in vivo
for antiviral activity by administering the candidate antiviral
agent to a chimpanzee transfected with a nucleic acid
sequence of the invention and then measuring viral replica-
tion in vivo via methods such as RT-PCR. Of course, the
chimpanzee may be treated with the candidate agent either
before or after transfection with the infectious nucleic acid
sequence so as to determine what stage, or stages, of viral
infection and replication the agent is effective against.

The invention also provides that the nucleic acid
sequences, viruses and polypeptides of the invention may be
supplied in the form of a kit, alone or in the form of a phar-
maceutical composition.

All scientific publication and/or patents cited herein are
specifically incorporated by reference. The following
examples illustrate various aspects of the invention but are in
no way intended to limit the scope thereof.

EXAMPLES

Materials and Methods for Examples 1-4

Collection of Virus

Hepatitis C virus was collected and used as a source for the
RNA used in generating the cDNA clones according to the
present invention. Plasma containing strain H77 of HCV was
obtained from a patient in the acute phase of transfusion-
associated non-A, non-B hepatitis (Feinstone, S. M. et al
1981 J. Infect. Dis. 144:588-598). Strain H77 belongs to
genotype la of HCV (Ogata, N. et al. 1991 PNAS USA4
88:3392-3396; Inchauspe, G. et al. 1991 PNAS USA
88:10292-10296). The consensus sequence for most of its
genome has been determined (Kolyakov et al. (1996), Ogata,
N.etal. 1991 PNAS USA 88:3392-3396; Inchauspe, G. et al.
1991 PNAS USA 88:10292-10296 and Farci, P. et al. 1996
PNAS USA 93:15394-15399).
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RNA Purification

Viral RNA was collected and purified by conventional
means. In general, total RNA from 10 pl of H77 plasma was
extracted with the TRIzol system (GIBCO BRL). The RNA
pellet was resuspended in 100 pl of 10 mM dithiothreitol
(DTT) with 5% (vol/vol) RNasin (20-40 units/ul) (available
from Promega) and 10 pl aliquots were stored at —80° C. In
subsequent experiments RT-PCR was performed on RNA
equivalent to 1 ul of H77 plasma, which contained an esti-
mated 10° genome equivalents (GE) of HCV (Yanagi, M. et
al. 1996J. Infect. Dis. 174:1324-1327).

Primers used in the RT-PCR process were deduced from
the genomic sequences of strain H77 according to procedures
already known in the art (see above) or else were determined
specifically for use herein. The primers generated for this
purpose are listed in Table 1.

TABLE 1
Oligonucleotides used for PCR
amplification of strain H77 of HCV

Designation Sequence (5'—3')* SEQ ID NO

HO261F GGCTACAGCGGGGGGAGACATT (SEQ ID NO: 7)
TATCACAGC

H3'X58R TCATGCGGCTCACGGACCTTTC (SEQ ID NO: 8)
ACAGCTAG

HO9282F GTCCAAGCTTATCACAGCGTGT (SEQ ID NO: 9)
CTCATGCCCGGCCCCG

H3'X45R CGTCTCTAGAGGACCTTTCACA (SEQ ID NO: 10)
GCTAGCCGTGACTAGGG

HO375F TGAAGGTTGGGGTAAACACTCC (SEQ ID NO: 11)
GGCCTCTTAGGCCATT

H3'X-35R ACATGATCTGCAGAGAGGCCAG (SEQ ID NO: 12)
TATCAGCACTCTC

HO386F GTCCAAGCTTACGCGTAAACAC (SEQ ID NO: 13)
TCCGGCCTCCTTAAGCCATTCC
TG

H3'X-38R CGTCTCTAGACATGATCTGCAG (SEQ ID NO: 14)
AGAGGCCAGTATCAGCACTCTC
TGC

H1 TTTTTTTTGCGGCCGCTAATAC  (SEQ ID NO: 15)
GACTCACTATAGCCAGCCCCCT
GAT-GGGGGCGACACTCCACCA
TG

Al ACTGTCTTCACGCAGAAAGCGT (SEQ ID NO: 16)
CTAGCCAT

H9417R CGTCTCTAGACAGGAAATGGCT (SEQ ID NO: 17)
TAAGAGGCCGGAGTGTTTACC

*HCV sequences are shown 1in plain text, nonHCV-specific

sequences are shown in boldface and artificial cleavage sites

used for cDNA cloning are underlined. The core sequence of the
T7 promoter in primer H1 is shown in italics.

Primers for long RT-PCR were size-purified.

cDNA Synthesis

The RNA was denatured at 65° C. for 2 min, and cDNA
synthesis was performed in a 20 pl reaction volume with
Superscript 11 reverse transcriptase (from GIBCO/BRL) at
42° C. for 1 hour using specific antisense primers as described
previously (Tellier, R. et al. 1996 PNAS USA 93:4370-4373).
The cDNA mixture was treated with RNase H and RNase T1
(GIBCO/BRL) for 20 min at 37° C.
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Amplification and Cloning of the 3' UTR

The 3' UTR of strain H77 was amplified by PCR in two
different assays. In both of these nested PCR reactions the
first round of PCR was performed in a total volume of 50 pul in
1x buffer, 250 umol of each deoxynucleoside triphosphate
(dNTP; Pharmacia), 20 pmol each of external sense and anti-
sense primers, 1 ul ofthe Advantage KlenTaq polymerase mix
(from Clontech) and 2 pl of the final cDNA reaction mixture.
In the second round of PCR, 5 pl of the first round PCR
mixture was added to 45 pl of PCR mixture prepared as
already described. Each round of PCR (35 cycles), which was
performed in a Perkin Elmer DNA thermal cycler 480, con-
sisted of denaturation at 94° C. for 1 min (in Ist cycle 1 min
30 sec), annealing at 60° C. for 1 min and elongation at 68° C.
for 2 min. In one experiment a region from NS5B to the
conserved region of the 3' UTR was amplified with the exter-
nal primers H9261F and H3'X58R, and the internal primers
H9282F and H3'X45R (Table 1). In another experiment, a
segment of the variable region to the very end of the 3' UTR
was amplified with the external primers H9375F and H3'X-
35R, and the internal primers H9386F and H3'X-38R (Table
1, FIG. 1). Amplified products were purified with QIlAquick
PCR purification kit (from QIAGEN), digested with Hind II1
and Xba I (from Promega), purified by either gel electro-
phoresis, or phenol/chloroform extraction, and then cloned
into the multiple cloning site of plasmid PGEM-9zf(-)
(Promega) or pUC19 (Pharmacia). Cloning of cDNA into the
vector was performed with T4 DNA ligase (Promega) by
standard procedures.

Amplification of Near Full-Length H77 Genomes by Long
PCR

The reactions were performed in a total volume of 50 pl in
1x buffer, 250 pmol of each ANTP, 10 pmol each of sense and
antisense primers, 1 pl of the Advantage KlenTaq polymerase
mix and 2 pl of the cDNA reaction mixture (Tellier, R. et al.
1996 PNAS USA 93:4370-4373). A single PCR round of 35
cycles was performed in a Robocycler thermal cycler (from
Stratagene), and consisted of denaturation at 99° C. for 35
sec, annealing at 67° C. for 30 sec and elongation at 68° C. for
10 min during the first 5 cycles, 11 min during the next 10
cycles, 12 min during the following 10 cycles and 13 min
during the last 10 cycles. To amplify the complete ORF of
HCV by long RT-PCR we used the sense primers H1 or Al
deduced from the 5' UTR and the antisense primer H9417R
deduced from the variable region of'the 3' UTR (Table 1, FIG.
1).

Construction of Full-Length H77 ¢cDNA Clones

The long PCR products amplified with H1 and H9417R
primers were cloned directly into pGEM-9zf(-) after diges-
tion with Not I and Xba I (from Promega) (as per FIG. 1). Two
clones were obtained with inserts of the expected size, pH21,
and pH50.sub.I. Next, the chosen 3' UTR was cloned into both
pH21, and pH50, after digestion with Afl IT and Xba I (New
England Biolabs). DHS5a competent cells (GIBCO/BRL)
were transformed and selected with LB agar plates containing
100 pg/ml ampicillin (from SIGMA). Then the selected colo-
nies were cultured in LB liquid containing ampicillin at 30°
C. for about 18-20 hrs (transformants containing full-length
or near full-length cDNA of H77 produced a very low yield of
plasmid when cultured at 37° C. or for more than 24 hrs).
After small scale preparation (Wizard Plus Minipreps DNA
Purification Systems, Promega) each plasmid was retrans-
formed to select a single clone, and large scale preparation of
plasmid DNA was performed with a QIAGEN plasmid Maxi
kit.
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Cloning of Long RT-PCR Products Into a Cassette Vector

To improve the efficiency of cloning, a vector with consen-
sus 5'and 3' termini of HCV strain H77 was constructed (FIG.
1). This cassette vector (pCV) was obtained by cutting out the
BamHI fragment (nts 1358-7530 of the H77 genome) from
pH50, followed by religation. Next, the long FCR products of
H77 amplified with HI and H9417R or Al and H9417R prim-
ers were purified (Geneclean spin kit; BIO 101) and cloned
into pCV after digestion with Agel and AfllI(New England
Biolabs) or with PinAl (isoschizomer of Age 1) and Bfr]
(isoschizomer of Afl IT) (Boehringer Mannheim). Large scale
preparations of the plasmids containing full-length cDNA of
H77 were performed as described above.

Construction of H77 Consensus Chimeric cDNA Clone

A full-length cDNA clone of H77 with an ORF encoding
the consensus amino acid sequence was constructed by mak-
ing a chimera from four of the cDNA clones obtained above.
This consensus chimera, pCV-H77C, was constructed in two
ligation steps by using standard molecular procedures and
convenient cleavage sites and involved first a two piece liga-
tion and then a three piece ligation. Large scale preparation of
pCV-H77C was performed as already described.

In Vitro Transcription

Plasmids containing the full-length HCV ¢cDNA were lin-
earized with Xba I (from Promega), and purified by phenol/
chloroform extraction and ethanol precipitation. A 100 pl
reaction mixture containing 10 pg of linearized plasmid
DNA, 1x transcription buffer, 1 mM ATP, CTP, GTPand UTP,
10mM DTT , 4% (v/v) RNasin (20-40 units/ul) and 2 pl of T7
RNA polymerase (Promega) was incubated at 37° C. for 2 hrs.
Five pl of the reaction mixture was analyzed by agarose gel
electrophoresis followed by ethidium bromide staining. The
transcription reaction mixture was diluted with 400 pl of
ice-cold phosphate-buffered saline without calcium or mag-
nesium, immediately frozen on dry ice and stored at -80° C.
The final nucleic acid mixture was injected into chimpanzees
within 24 hrs.

Intrahepatic Transfection of Chimpanzees

Laparotomy was performed and aliquots from two tran-
scription reactions were injected into 6 sites of the exposed
liver (Emerson, S. U. et al 1992 J. Virol 66:6649-6654).
Serum samples were collected weekly from chimpanzees and
monitored for liver enzyme levels and anti-HCV antibodies.
Weekly samples of 100 ul of serum were tested for HCV RNA
in a highly sensitive nested RT-PCR assay with AmpliTaq
Gold (Perkin Flmer) (Yanagi, M. et al. 1996 J. Infect. Dis.
174:1324-1327, Bukh, J. et al. 1992 PNAS USA 89:187-191).
The genome titer of HCV was estimated by testing 10-fold
serial dilutions of the extracted RNA in the RT-PCR assay
(Yanagi, M. et al. 1996 J. Infect. Dis. 174:1324-1327). The
two chimpanzees used in this study were maintained under
conditions that met all requirements for their use in an
approved facility.

The consensus sequence of the complete ORF from HCV
genomes recovered at week 2 post inoculation (p.i.) was
determined by direct sequencing of PCR products obtained in
long RT-PCR with primers Al and H9417R followed by
nested PCR of 10 overlapping fragments. The consensus
sequence of the variable region of the 3' UTR was determined
by direct sequencing of an amplicon obtained in nested RT-
PCR as described above. Finally, we amplified selected
regions independently by nested RT-PCR with AmpliTaq
Gold.
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Sequence Analysis

Both strands of DNA from PCR products, as well as plas-
mids, were sequenced with the ABI PRISM Dye Termination
Cycle Sequencing Ready Reaction Kit using Taq DNA poly-
merase (Perkin Elmer) and about 100 specific sense and anti-
sense sequence primers.

The consensus sequence of HCV strain H77 was deter-
mined in two different ways. In one approach, overlapping
PCR products were directly sequenced, and amplified in
nested RT-PCR from the H77 plasma sample. The sequence
analyzed (nucleotides (nts) 35-9417) included the entire
genome except the very 5' and 3' termini. In the second
approach, the consensus sequence of nts 157-9384 was
deduced from the sequences of 18 full-length cDNA clones.

Example 1

Variability in the Sequence of the 3' UTR of HCV
Strain H77

The heterogeneity of the 3' UTR was analyzed by cloning
and sequencing of DNA amplicons obtained in nested RT-
PCR. 19 clones containing sequences of the entire variable
region, the poly U-UC region and the adjacent 19 nt of the
conserved region, and 65 clones containing sequences of the
entire poly U-UC region and the first 63 nts of the conserved
region were analyzed. This analysis confirmed that the vari-
able region consisted of 43 nts, including two conserved
termination codons (Han, J. M. et al 1992 Nucl. Acids Res.
20:3250). The sequence of the variable region was highly
conserved within H77 since only 3 point mutations were
found among the 19 clones analyzed. A poly U-UC region
was present in all 84 clones analyzed. However, its length
varied from 71-141 nts. The length of the poly U region was
9-103 nts, and that of the poly UC region was 35-85 nts. The
number of C residues increased towards the 3' end of the poly
UC region but the sequence of this region is not conserved.
The first 63 nts of the conserved region were highly conserved
among the clones analyzed, with a total of only 14 point
mutations. To confirm the validity of the analysis, the 3' UTR
was reamplified directly from a full-length ¢cDNA clone of
HCV (see below) by the nested-PCR procedure with the
primers in the variable region and at the very 3' end of the
HCV genome and cloned the PCR product. Eight clones had
1-7 nt deletions in the poly U region. Furthermore, although
the C residues of the poly UC region were maintained, the
spacing of these varied because of 1-2 nt deletions of U
residues. These deletions must be artifacts introduced by PCR
and such mistakes may have contributed to the heterogeneity
originally observed in this region. However, the conserved
region of the 3' UTR was amplified correctly, suggesting that
the deletions were due to difficulties in transcribing a highly
repetitive sequence.

One of the 3' UTR clones was selected for engineering of
full-length cDNA clones of H77. This clone had the consen-
sus variable sequence except for a single point mutation intro-
duced to create an AflII cleavage site, a poly U-UC stretch of
81 nts with the most commonly observed UC pattern and the
consensus sequence of the complete conserved region of 101
nts, including the distal 38 nts which originated from the
antisense primer used in the amplification. After linearization
with Xbal, the DNA template of this clone had the authentic
3'end.
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Example 2

The Entire Open Reading Frame of H77 Amplified
in One Round of Long RT-PCR

It had been previously demonstrated that a 9.25 kb frag-
ment of the HCV genome from the 5' UTR to the 3' end of
NS5B could be amplified from 104 GE (genome equivalents)
of H77 by a single round of long RT-PCR (Tellier, R. et al.
1996 J. Clin. Microbiol. 34:3085-3091). In the current study,
by optimizing primers and cycling conditions, the entire ORF
ot H77 was amplified in a single round of long RT-PCR with
primers from the 5' UTR and the variable region of the 3'
UTR. In fact, 9.4 kb of the H77 genome (H product: from the
very 5' end to the variable region of the 3' UTR) could be
amplified from 10° GE or 9.3 kb (A product: from within the
5' UTR to the variable region of the 3' UTR) from 10* GE or
10° GE, in a single round of long RT-PCR (FIG. 2). The PCR
products amplified from 10° GE of H77 were used for engi-
neering full-length cDNA clones (see below).

Example 3

Construction of Multiple Full-Length CDNA Clones
of H77 in a Single Step by Cloning of Long RT-PCR
Amplicons Directly into a Cassette Vector with
Fixed 5' and 3' Termini

Direct cloning of the long PCR products (H), which con-
tained a 5' T7 promoter, the authentic 5' end, the entire ORF of
H77 and a short region of the 3' UTR, into pGEM-9zf(-)
vector by Notl and Xbal digestion was first attempted. How-
ever, among the 70 clones examined all but two had inserts
that were shorter than predicted. Sequence analysis identified
a second Not I site in the majority of clones, which resulted in
deletion of the nts past position 9221. Only two clones (pH21,
and pH50,) were missing the second Notl site and had the
expected 5' and 3' sequences of the PCR product. Therefore,
full-length cDNA clones (pH21 and pH50) were constructed
by inserting the chosen 3' UTR into pH21, and pH50,, respec-
tively. Sequence analysis revealed that clone pH21 had a
complete full-length sequence of H77; this clone was tested
for infectivity. The second clone, pH50, had one nt deletion in
the ORF at position 6365; this clone was used to make a
cassette vector.

The complete ORF was amplified by constructing a cas-
sette vector with fixed 5' and 3' termini as an intermediate of
the full-length ¢cDNA clones. This vector (pCV) was con-
structed by digestion of clone pHS50 with BamHI, followed by
religation, to give a shortened plasmid readily distinguished
from plasmids containing the full-length insert. Attempts to
clone long RT-PCR products (H) into pCV by Agel and Afll]
yielded only 1 0f 23 clones with an insert of the expected size.
In order to increase the efficiency of cloning, we repeated the
procedure but used PinAl and BfrI instead of the respective
isoschizomers Agel and AflIl. By this protocol, 24 of 31 H
clones and 30 0f 35 A clones had the full-length cDNA of H77
as evaluated by restriction enzyme digestion. A total of 16
clones, selected at random, were each retransformed, and
individual plasmids were purified and completely sequenced.
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Example 4

Demonstration of Infectious Nature of Transcripts of
a cDNA Clone Representing the Consensus
Sequence of Strain H77

A consensus chimera was constructed from 4 of the full-
length ¢cDNA clones with just 2 ligation steps. The final
construct, pCV-H77C, had 11 nt differences from the consen-
sus sequence of H77 in the ORF (FIG. 3). However, 10 of
these nucleotide differences represented silent mutations.
The chimeric clone differed from the consensus sequence at
only one amino acid [L instead of F at position 790]. Among
the 18 ORFs analyzed above, the F residue was found in 11
clones and the L residue in 7 clones. However, the L residue
was dominant in other isolates of genotype la, including a
first passage of H77 in a chimpanzee (Inchauspe, G. et al.
1991 PNAS US4 88:10292-10296).

To test the infectivity of the consensus chimeric clone of
H77 intrahepatic transfection of a chimpanzee was per-
formed. The pCV-H77C clone was linearized with Xba I and
transcribed in vitro by T7 RNA polymerase (FIG. 2). The
transcription mixture was next injected into 6 sites of the liver
of chimpanzee 1530. The chimpanzee became infected with
HCV as measured by detection of 10> GE/ml of viral genome
at week 1 p.i. Furthermore, the HCV titer increased to 10*
GE/ml at week 2 p.i., and reached 10° GE/ml by week 8 p.i.
The viremic pattern observed in the early phase of the infec-
tion with the recombinant virus was similar to that observed
in chimpanzees inoculated intravenously with strain H77 or
other strains of HCV (Shimizu, Y. K. et al. 1990 PNAS USA4
87:6441-6444).

The sequence of the HCV genomes from the serum sample
collected at week 2 p.i. was analyzed. The consensus
sequence of nts 298-9375 of the recovered genomes was
determined by direct sequencing of PCR products obtained in
long RT-PCR followed by nested PCR of 10 overlapping
fragments. The identity to clone pCV-H77C sequence was
100%. The consensus sequence of nts 96-291, 1328-1848,
3585-4106, 4763-5113 and 9322-9445 was determined from
PCR products obtained in different nested RT-PCR assays.
The identity of these sequences with pCV-H77C was also
100%. These latter regions contained 4 mutations unique to
the consensus chimera, including the artificial Aflll cleavage
site in the 3' UTR. Therefore, RNA transcripts of this clone of
HCV were infectious.

The infectious nature of the consensus chimera indicates
that the regions of the 5' and 3' UTRs incorporated into the
cassette vector do not destroy viability. This makes it highly
advantageous to use the cassette vector to construct infectious
cDNA clones of other HCV strains when the consensus
sequence for each ORF is inserted.

In addition, two complete full-length clones (dubbed pH21
and pCV-H11) constructed were not infectious, as shown by
intrahepatic injection of chimpanzees with the corresponding
RNA transcripts. Thus, injection of the transcription mixture
into 3 sites of the exposed liver resulted in no observable HCV
replication and weekly serum samples were negative for
HCV RNA at weeks 1-17 p.. in a highly sensitive nested
RT-PCR assay. The cDNA template injected along with the
RNA transcripts was also not detected in this assay.

Moreover, the chimpanzee remained negative for antibod-
ies to HCV throughout the follow-up. Subsequent sequence
analysis revealed that 7 of 16 additional clones were defective
for polyprotein synthesis and all clones had multiple amino
acid mutations compared with the consensus sequence of the
parent strain. For example, clone pH21, which was not infec-
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tious, had 7 amino acid substitutions in the entire predicted
polyprotein compared with the consensus sequence of H77
(FIG. 3). The most notable mutation was at position 1026,
which changed L to Q, altering the cleavage site between NS2
and NS3 (Reed, K. E. et al. 1995 J. Virol. 69:4127-4136).
Clone pCV-H11, also non-infectious, had 21 amino acid sub-
stitutions in the predicted polyprotein compared with the
consensus sequence of H77 (FIG. 3). The amino acid muta-
tion at, position 564 eliminated a highly conserved C residue
in the E2 protein (Okamoto, H. etal. 1992a Virology 188:331-
341).

Example 4A

The chimpanzee of Example 4, designated 1530, was
monitored out to 32 weeks p.i. for serum enzyme levels (ALT)
and the presence of anti-HCV antibodies, HCV RNA, and
liver histopathology. The results are shown in FIG. 18B.

A second chimp, designated 1494, was also transfected
with RNA transcripts of the pCV-H77C clone and monitored
out to 17 weeks p.i. for the presence of anti-HCV antibodies,
HCV RNA and elevated serum enzyme levels. The results are
shown in FIG. 18A.

Materials and Methods for Examples 5-10

Source of HCV Genotype 1b

An infectious plasma pool (second chimpanzee passage)
containing strain HC-J4, genotype 1b, was prepared from
acute phase plasma of a chimpanzee experimentally infected
with serum containing HC-J4/91 (Okamoto, H. et al. 1992b
Virology 190:894-899). The HC-J4/91 sample was obtained
from a first chimpanzee passage during the chronic phase of
hepatitis C about 8 years after experimental infection. The
consensus sequence of the entire genome, except for the very
3' end, was determined previously for HC-J4/91 (Okamoto,
H. et al. 1992b Virology 190:894-899).

Preparation of HCV RNA

Viral RNA was extracted from 100 pl aliquots of the HC-J4
plasma pool with the TRIzol system (GIBCO BRL). The
RNA pellets were each resuspended in 10 pl of 10 mM dithio-
threitol (DTT) with 5% (vol/vol) RNasin (20-40 units/pl)
(Promega) and stored at -80° C. or immediately used for
c¢DNA synthesis.

Amplification and Cloning of the 3' UTR

A region spanning from NS5B to the conserved region of
the 3' UTR was amplified in nested RT-PCR using the proce-
dure of Yanagi, M. et al. 1997 PNAS USA 94:8738-8743.

In brief, the RNA was denatured at 65° C. for 2 minutes,
and cDNA was synthesized at 42° C. for 1 hour with Super-
script 11 reverse transcriptase (GIBCO BRL) and primer
H3'X58R (Table 1) in a 20 pl reaction volume. The cDNA
mixture was treated with RNase H and RNase T1 (GIBCO
BRL) at 37° C. for 20 minutes. The first round of PCR was
performed on 2 pl of the final cDNA mixture in a total volume
of 50 pl with the Advantage cDNA polymerase mix (Clon-
tech) and external primers H9261F (Table 1) and H3'X58R
(Table 1). In the second round of PCR [internal primers
HO9282F (Table 1) and H3'X45R (Table 1)], 5 ul of the first
round PCR mixture was added to 45 pl of the PCR reaction
mixture. Each round of PCR (35 cycles), was performed in a
DNA thermal cycler 480 (Perkin Elmer) and consisted of
denaturation at 94° C. for 1 minute (1st cycle: 1 minute 30
sec), annealing at 60° C. for 1 minute and elongation at 68° C.
for 2 minutes. After purification with QIAquick PCR purifi-
cation kit (QIAGEN), digestion with HindIIl and Xbal
(Promega), and phenol/chloroform extraction, the amplified
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products were cloned into pGEM-9zf(-) (Promega) (Yanagi,
M. et al. 1997 PNAS USA 94:8738-8743).

Amplification and Cloning of the Entire ORF

A region from within the 5' UTR to the variable region of
the 3' UTR of strain HC-J4 was amplified by long RT-PCR
(FIG. 1) (Yanagi, M. et al. 1997 PNAS USA 94:8738-8743).
The ¢cDNA was synthesized at 42° C. for 1 hour in a 20 pl
reaction volume with Superscript I reverse transcriptase and
primer J4-9405R  (5'-GCCTATTGGCCTGGAGTGGT-
TAGCTC-3") (SEQ ID NO: 18), and treated with RNases as
above. The cDNA mixture (2 pl) was amplified by long PCR
with the Advantage cDNA polymerase mix and primers Al
(Table 1) (Bukh, I. etal. 1992 PNAS US4 89:187-191; Yanagi,
M. et al. 1997 PNAS US4 94:8738-8743) and J4-9398R (5'-
AGGATGGCCTTAAGGCCTGGAGTGGT-
TAGCTCCCCGTTCA-3) (SEQ ID NO: 19). Primer
J4-9398R contained extra bases (bold) and an artificial AfllI
cleavage site (underlined). A single PCR round was per-
formed in a Robocycler thermal cycler (Stratagene), and con-
sisted of denaturation at 99° C. for 35 seconds, annealing at
67° C. for 30 seconds and elongation at 68° C. for 10 minutes
during the first S cycles, 11 minutes during the next 10 cycles,
12 minutes during the following 10 cycles and 13 minutes
during the last 10 cycles.

After digesting the long PCR products obtained from strain
HC-J4 with PinAl (isoschizomer of Agel) and BftI (isoschi-
zomer of AfllT) (Boehringer Mannheim), attempts were made
to clone them directly into a cassette vector (pCV), which
contained the 5' and 3' termini of strain H77 (FIG. 1) but no
full-length clones were obtained. Accordingly, to improve the
efficiency of cloning, the PCR product was further digested
with Bglll (Boehringer Mannheim) and the two resultant
genome fragments [L fragment: PinAl/BglIl, nts 156-8935; S
fragment: BgllL/Brfl, nts 8936-9398] were separately cloned
into pCV (FIG. 6).

DHS5.alpha. competent cells (GIBCO BRL) were trans-
formed and selected on LB agar plates containing 100 pg/ml
ampicillin (SIGMA) and amplified in LB liquid cultures at
30° C. for 18-20 hours.

Sequence analysis of 9 plasmids containing the S fragment
(miniprep samples) and 9 plasmids containing the L fragment
(maxiprep samples) were performed as described previously
(Yanagi, M. et al. 1997 PNAS USA 94:8738-8743). Three L
fragments, each encoding a distinct polypeptide, were cloned
into pCV-J4S9 (which contained an S fragment encoding the
consensus amino acid sequence of HC-J4) to construct three
chimeric full-length HCV ¢DNAs (pCV-J4L2S, pCV-J41.4S
and pCV-J4L6S) (FIG. 6). Large scale preparation of each
clone was performed as described previously with a QIAGEN
plasmid Maxi kit (Yanagi, M. etal. 1997 PNAS USA4 94:8738-
8743) and the authenticity of each clone was confirmed by
sequence analysis.

Sequence Analysis

Both strands of DNA were sequenced with the ABI PRISM
Dye Termination Cycle Sequencing Ready Reaction Kit
using Taq DNA polymerase (Perkin Elmer) and about 90
specific sense and antisense primers. Analyses of genomic
sequences, including multiple sequence alignments and tree
analyses, were performed with GeneWorks (Oxford Molecu-
lar Group) (Bukh, J. et al. 1995 Semin. Liver Dis. 15:41-63).

The consensus sequence of strain HC-J4 was determined
by direct sequencing of PCR products (nts 11-9412) and by

sequence analysis of multiple cloned L and S fragments (nts
156-9371). The consensus sequence of the 3' UTR (3' variable
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region, polypyrimidine tract and the first 16 nucleotides of the
conserved region) was determined by analysis of 24 cDNA
clones.

Intrahepatic Transtfection of a Chimpanzee with Transcribed
RNA

Two in vitro transcription reactions were performed with
each of the three full-length clones. In each reaction 10 pg of
plasmid DNA linearized with Xbal (Promega) was tran-
scribed in a 100 pl reaction volume with T7 RNA polymerase
(Promega) at 37° C. for 2 hours as described previously
(Yanagi, M. et al. 1997 PNAS USA 94:8738-8743). Five ul of
the final reaction mixture was analyzed by agarose gel elec-
trophoresis and ethidium bromide staining (FIG. 5). Each
transcription mixture was diluted with 400 pl of ice-cold
phosphate-buffered saline without calcium or magnesium
and then the two aliquots from the same cDNA clone were
combined, immediately frozen on dry ice and stored at
—-80°C. Within 24 hours after freezing the transcription mix-
tures were injected into the chimpanzee by percutaneous
intrahepatic injection that was guided by ultrasound. Each
inoculum was individually injected (5-6 sites) into a separate
area of the liver to prevent complementation or recombina-
tion. The chimpanzee was maintained under conditions that
met all requirements for its use in an approved facility.

Serum samples were collected weekly from the chimpan-
zee and monitored for liver enzyme levels and anti-HCV
antibodies. Weekly samples of 100 ul of serum were tested for
HCV RNA in a sensitive nested RT-PCR assay (Bukh, J. et al.
1992 PNAS USA 89:187-191; Yanagi, M. et al. 1996 J. Infect.
Dis. 174:1324-1327) with AmpliTaq Gold DNA polymerase.
The genome equivalent (GE) titer of HCV was determined by
testing 10-fold serial dilutions of the extracted RNA in the
RT-PCR assay (Yanagi, M. et al. 1996 J. Infect. Dis. 174:
1324-1327) with 1 GE defined as the number of HCV
genomes present in the highest dilution which was positive in
the RT-nested PCR assay.

To identify which of the three clones was infectious in vivo,
the NS3 region (nts 3659-4110) from the chimpanzee serum
was amplified in a highly sensitive and specific nested RT-
PCR assay with AmpliTaq Gold DNA polymerase and the
PCR products were cloned with a TA cloning kit (Invitrogen).
In addition, the consensus sequence of the nearly complete
genome (nts 11-9441) was determined by direct sequencing
of overlapping PCR products.

Example 5

Sequence Analysis of Infectious Plasma Pool of
Strain HC-J4 Used as the Cloning Source

As an infectious cDNA clone of a genotype la strain of
HCV had been obtained only after the ORF was engineered to
encode the consensus polypeptide (Kolykhalov, A. A., et al.
1997 Science 277:570-574; Yanagi, M. etal. 1997 PNAS USA
94:8738-8743), a detailed sequence analysis of the cloning
source was performed to determine the consensus sequence
prior to constructing an infectious cDNA clone of a 1b geno-
type.

A plasma pool of strain HC-J4 was prepared from acute
phase plasmapheresis units collected from a chimpanzee
experimentally infected with HC-J4/91 (Okamoto, H. et al.
1992 Virology 190:894-899). This HCV pool had a PCR titer
of 10*-10° GE/ml and an infectivity titer of approximately
10° chimpanzee infectious doses per ml.

The heterogeneity of the 3' UTR of strain HC-J4 was deter-
mined by analyzing 24 clones of nested RT-PCR product. The
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consensus sequence was identical to that previously pub-
lished for HC-J4/91 (Okamoto, H. et al. 1992 Virology 190:
894-899), except at position 9407 (see below). The variable
region consisted of 41 nucleotides (nts. 9372-9412), includ-
ing two in-frame termination codons. Furthermore, its
sequence was highly conserved except at positions 9399 (19
A and 5 T clones) and 9407 (17 T and 7 A clones). The poly
U-UC region varied slightly in composition and greatly in
length (31-162 nucleotides). In the conserved region, the first
16 nucleotides of 22 clones were identical to those previously
published for other genotype 1 strains, whereas two clones
each had a single point mutation. These data suggested that
the structural organization at the 3' end of HC-J4 was similar
to that of the infectious clone of a genotype la strain of
Yanagi, M. et al. 1997 PNAS USA4 94:8738-8743.

Next, the entire ORF of HC-J4 was amplified in a single
round of long RT-PCR (FIG. 5). The original plan was to
clone the resulting PCR products into the PinAl and BrfI site
of a HCV cassette vector (pCV), which had fixed 5' and 3'
termini of genotype 1 a (Yanagi et al., 1997) but since full-
length clones were not obtained, two genome fragments (L
and S) derived from the long RT-PCR products (FIG. 6) were
separately subcloned into pCV.

To determine the consensus sequence of the ORF, the
sequence of 9 clones each of the L. fragment (pCV-J4L) and of
the S fragment (pCV-J4S) was determined and quasispecies
were found at 275 nucleotide (3.05%) and 78 amino acid
(2.59%) positions, scattered throughout the 9030 nts (3010
aa) of the ORF (FIG. 7). Of the 161 nucleotide substitutions
unique to a single clone, 71% were at the third position of the
codon and 72% were silent.

Each of the nine L clones represented the near complete
OREF of an individual genome. The differences among the L.
clones were 0.30-1.53% at the nucleotide and 0.31-1.47% at
the amino acid level (FIG. 8). Two clones, [.1 and [.7, had a
defective ORF due to a single nucleotide deletion and a single
nucleotide insertion, respectively. Even though the HC-J4
plasma pool was obtained in the early acute phase, it appeared
to contain at least three viral species (FIG. 9). Species A
containedthe L1, .2, .6, .8 and L9 clones, species B the L3,
L7 and .10 clones and species C the [.4 clone. Although each
species A clone was unique all A clones differed from all B
clones at the same 20 amino acid sites and at these positions,
species C had the species A sequence at 14 positions and the
species B sequence at 6 positions (FIG. 7).

Okamoto and coworkers (Okamoto, H. et al. 1992 Virology
190:894-899) previously determined the nearly complete
genome consensus sequence of strain HC-J4 in acute phase
serum of the first chimpanzee passage (HC-J4/83) as well as
in chronic phase serum collected 8.2 years later (HC-J4/91).
In addition, they determined the sequence of amino acids 379
to 413 (including HVR1) and amino acids 468 to 486 (includ-
ing HVR2) of multiple individual clones (Okamoto, H. et al.
1992 Virology 190:894-899).

It was found by the present inventors that the sequences of
individual genomes in the plasma pool collected from a chim-
panzee inoculated with HC-J4/91 were all more closely
related to HC-J4/91 than to HC-J4/83 (FIGS. 8, 9) and con-
tained HVR amino acid sequences closely related to three of
the four viral species previously found in HC-J4/91 (FIG. 10).

Thus, the data presented herein demonstrate the occur-
rence of the simultaneous transmission of multiple species to
a single chimpanzee and clearly illustrates the difficulties in
accurately determining the evolution of HCV over time since
multiple species with significant changes throughout the
HCV genome can be present from the onset of the infection.
Accordingly, infection of chimpanzees with monoclonal
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viruses derived from the infectious clones described herein
will make it possible to perform more detailed studies of the
evolution of HCV in vivo and its importance for viral persis-
tence and pathogenesis.

Example 6

Determination of the Consensus Sequence of HC-J4
in the Plasma Pool

The consensus sequence of nucleotides 156-9371 of HC-14
was determined by two approaches. In one approach, the
consensus sequence was deduced from 9 clones of the long
RT-PCR product. In the other approach the long RT-PCR
product was reamplified by PtR as overlapping fragments
which were sequenced directly. The two “consensus”
sequences differed at 31 (0.34%) 0t 9216 nucleotide positions
and at 11 (0.37%) of 3010 deduced amino acid positions
(FIG. 7). At all of these positions a major quasispecies of
strain HC-J4 was found in the plasma pool. At 9 additional
amino acid positions the cloned sequences displayed hetero-
geneity and the direct sequence was ambiguous (FIG. 7).
Finally, it should be noted that there were multiple amino acid
positions at which the consensus sequence obtained by direct
sequencing was identical to that obtained by cloning and
sequencing even though a major quasispecies was detected
(FIG. 7).

For positions at which the two “consensus” sequences of
HC-J4 differed, both amino acids were included in a compos-
ite consensus sequence (FIG. 7). However, even with this
allowance, none of the 9 L clones analyzed (aa 1-2864) had
the composite consensus sequence: two clones did not encode
the complete polypeptide and the remaining 7 clones differed
from the consensus sequence by 3-13 amino acids (FIG. 7).

Example 7

Construction of Chimeric Full-Length cDNA Clones
Containing The Entire ORF of HC-J4

The cassette vector used to clone strain H77 was used to
construct an infectious cDNA clone containing the ORF ofa
second subtype.

In brief, three full-length cDNA clones were constructed
by cloning different L fragments into the PinAl/BgllI site of
pCV-J489, the cassette vector for genotype 1 a (FIG. 6),
which also contained an S fragment encoding the consensus
amino acid sequence of HC-J4. Therefore, although the ORF
was from strain HC-J4, most of the 5' and 3' terminal
sequences originated from strain H77. As a result, the 5' and
3' UTR were chimeras of genotypes la and 1b (FIG. 11).

The first 155 nucleotides of the 5' UTR were from strain
H77 (genotype 1a), and differed from the authentic sequence
of HC-J4 (genotype 1) at nucleotides 11, 12, 13,34 and 35.In
two clones (pCV-J4L.28S, pCV-J4L6S) the rest of the 5' UTR
had the consensus sequence of HC-J4, whereas the third clone
(pCV-J4L4S) had a single nucleotide insertion at position
207. In all 3 clones the first 27 nucleotides of the 3' variable
region of the 3' UTR were identical with the consensus
sequence of HC-J4. The remaining 15 nucleotides of the
variable region, the poly U-UC region and the 3' conserved
region of the 3' UTR had the same sequence as an infectious
clone of strain H77 (FIG. 11).

None of the three full-length clones of HC-J4 had the ORF
composite consensus sequence (FIGS. 7, 12). The pCV-
J4L68S clone had only three amino acid changes: Q for R at
position 231 (E1), V for A at position 937 (NS2) and T for S
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at position 1215 (NS3). The pCV-J4L4S clone had 7 amino
acid changes, including a change at position 450 (E2) that
eliminated a highly conserved N-linked glycosylation site
(Okamoto, H. et al. 1992 FVirology 188:331-341). Finally, the
pCV-J4L2S clone had 9 amino acid changes compared with
the consensus sequence of HC-J4. A change at position 304
(El) mutated a highly conserved cysteine residue (Bukh, J. et
al. 1993 PNAS USA 90:8234-8238; Okamoto, H. et al. 1992
Virology 188:331-341).

Example 8

Transfection of a Chimpanzee by In Vitro Transcripts
of a Chimeric cDNA

The infectivity of the three chimeric HCV clones was
determined by ultra-sound-guided percutaneous intrahepatic
injection into the liver of a chimpanzee of the same amount:
of ¢cDNA and transcription mixture for each of the clones
(FIG. 5). This procedure is a less invasive procedure than the
laparotomy procedure utilized by Kolykhalov, A. A, et al.
1997 Science 277:570-574 and Yanagi, M. et al. 1997 PNAS
USA 94:8738-8743 and should facilitate in vivo studies of
c¢DNA clones of HCV in chimpanzees since percutaneous
procedures, unlike laparotomy, can be performed repeatedly.

As shown in FIG. 13, the chimpanzee became infected with
HCV as measured by increasing titers of 10> GE/ml at week
1 p.i., 10° GE/ml at week 2 p.i. and 10*-10° GE/ml during
weeks 3 to 10 p.i.

The viremic pattern found in the early phase of the infec-
tion was similar to that observed for the recombinant H77
virus in chimpanzees (Bukh et al., unpublished data;
Kolykhalov, A. A., et al. 1997 Science 277:570-574; Yanagi,
M. et al. 1997 PNAS USA 94:8738-8743). The chimpanzee
transfected in the present study was chronically infected with
hepatitis G virus (HGV/GBV-C) (Bukh, J. et al. 1998 Experi-
mental infection of chimpanzees with hepatitis G virus and
genetic analysis of the virus. J. Infect. Dis. (in press) and had
atiter of 10° GE/ml at the time of HCV transfection. Although
HGV/GBV-C was originally believed to be a hepatitis virus,
it does not cause hepatitis in chimpanzees (Bukh, J. et al. 1998
Experimental infection of chimpanzees with hepatitis G virus
and genetic analysis of the virus. J. Infect. Dis. (in press) and
may not replicate in the liver (Laskus, T. et al. 1997 J. Virol.
71:7804-7806). The present study demonstrated that an ongo-
ing infection of HGV/GBV-C did not prevent acute HCV
infection in the chimpanzee model.

However, to identify which of the three full-length HC-J4
clones were infectious, the NS3 region (nts. 3659-4110) of
HCV genomes amplified by RT-PCR from serum samples
taken from the infected chimpanzee during weeks 2 and 4
post-infection (p.i.) were cloned and sequenced. As the PCR
primers were a complete match with each of the original three
clones, this assay should not have preferentially amplified
one virus over another. Sequence analysis of 26 and 24 clones
obtained at weeks 2 and 4 p.i., respectively, demonstrated that
all originated from the transcripts of pCV-J4L6S.

Moreover, the consensus sequence of PCR products of the
nearly complete genome (nts. 11-9441), amplified from
serum obtained during week 2 p.., was identical to the
sequence of pCV-J4L6S and there was no evidence of qua-
sispecies. Thus, RNA transcripts of pCV-J4L6S, but not of
pCV-J4L.2S or pCV-J4L4S, were infectious in vivo. The data
in FIG. 13 is therefore the product of the transfection of RNA
transcripts of pCV-J41L6S.

In addition, the chimeric sequences of genotypes laand 1b
in the UTRs were maintained in the infected chimpanzee. The
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consensus sequence of nucleotides 11-341 of the 5' UTR and
the variable region of the 3' UTR, amplified from serum
obtained during weeks 2 and 4 p.i., had the expected chimeric
sequence of genotypes laand 1b (FIG. 11). Also three of four
clones of the 3' UTR obtained at week 2 p.i. had the chimeric
sequence of the variable region, whereas a single substitution
was noted in the fourth clone. However, in all four clones the
poly U region was longer (2-12 nts) than expected. Also, extra
C and G residues were observed in this region. For the most
part, the number of C residues in the poly UC region was
maintained in all clones although the spacing varied. As
shown previously, variations in the number of U residues can
reflect artifacts introduced during PCR amplification
(Yanagi, M. et al. 1997 PNAS USA 94:8738-8743). The
sequence of the first 19 nucleotides of the conserved region
was maintained in all four clones. Thus, with the exception of
the poly U-UC region, the genomic sequences recovered
from the infected chimpanzee were exactly those of the chi-
meric infectious clone pCV-J4BL6S.

The results presented in FIG. 13 therefore demonstrate that
HCV polypeptide sequences other than the consensus
sequence can be infectious and that a chimeric genome con-
taining portions of the H77 termini could produce an infec-
tious virus. In addition, these results showed for the first time
that it is possible to make infectious viruses containing 5' and
3' terminal sequences specific for two different subtypes of
the same major genotype of HCV.

Example 9
Construction of a Chimeric 1a/1b Infectious Clone

A chimeric 1a/1b infectious clone in which the structural
region of the genotype 1b infectious clone is inserted into the
la clone of Yanagi, M. et al. 1997 PNAS USA 94:8738-8743
is constructed by following the protocol shown in FIG. 15.
The resultant chimera contains nucleotides 156-2763 of the
1b clone described herein inserted into the 1a clone of FIGS.
4A-4F. The sequences of the primers shown in FIG. 15 which
are used in constructing this chimeric clone, designated
pH77CV-14, are presented below.

1. H2751S (ClaI/Nde I) (SEQ ID NO: 20)
CGT CAT CGA TCC TCA GCG GGC ATA TGC ACT GGA
CAC GGA

2. H2870R (SEQ ID NO: 21
CAT GCA CCA GCT GAT ATA GCG CTT GTA ATA TG

3. H7851S (SEQ ID NO: 22)
TCC GTA GAG GAA GCT TGC AGC CTG ACG CCC

4. H9173 R (P-M) (SEQ ID NO: 23)
GTA CTT GCC ACA TAT AGC AGC CCT GCC TCC TCT G
5. H9140S (P-M) (SEQ ID NO: 24)
CAG AGG AGG CAG GGC TGC TAT ATG TGG CAA GTA C
6. H9417R (SEQ ID NO: 25
CGT CTC TAG ACA GGA AAT GGC TTA AGA GGC CGG
AGT GTT TAC C

7. J4-22718 (SEQ ID NO: 26)
TGC AAT TGG ACT CGA GGA GAG CGC TGT AAC TTG
GAG

8. J4-2776R (Nde I) (SEQ ID NO: 27)

CGG TCC AAG
AG

GCA TAT GCT CGT GGT GGT AAC GCC

Transcripts ofthe chimeric 1a/1b clone (whose sequence is
shown in FIGS. 16 A-16F) are then produced and transfected
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into chimpanzees by the methods described in the Materials
and Methods section herein and the transfected animals are
then be subjected to biochemical (ALT levels), histopatho-
logical and PCR analyses to determine the infectivity of the
chimeric clone.

Example 10

Construction of 3' Deletion Mutants of the 1a
Infectious Clone pCV-H77C

Seven constructs having various deletions in the 3' untrans-
lated region (UTR) of the la infectious clone pCV-H77C
were constructed as described in FIGS. 17A-17B. The 3'
untranslated sequence remaining in each of the seven con-
structs following their respective deletions is shown in FIGS.
17A-17B.

Construct pCV-H77C(-98X) containing a deletion of the
3'-most 98 nucleotide sequences in the 3'-UTR was tran-
scribed in vitro according to the methods described herein
and 1 ml of the diluted transcription mixture was percutane-
ously transfected into the liver of a chimpanzee with the aid of
ultrasound. After three weeks, the transfection was repeated.
The chimpanzee was observed to be negative for hepatitis C
virus replication as measured by RT-PCR assay for 5 weeks
after transfection. These results demonstrate that the deleted
98 nucleotide 3'-UTR sequence was critical for production of
infectious HCV and appear to contradict the reports of Dash,
S.etal. 1997 Am. J. Pathol. 151:363-373 and Yoo, B. J. et al.
1995 J. Virol. 69:32-38 who reported that RNA transcripts
from cDNA clones of HCV-1 and HCV-N lacking the termi-
nal 98 conserved nucleotides at the very 3' end of the 3'-UTR
resulted in viral replication after transfection into human
hematoma cell lines.

Transcripts of the (-42X) mutant (FIG. 17C) were also
produced and transfected into a chimpanzee and transcripts of
the other five deletion mutants shown in FIGS. 17D-17G) are
to be produced and transfected into chimpanzees by the meth-
ods described herein. All transfected animals are to then be
assayed for viral replication via RT-PCR.

Discussion

In two recent reports on transfection of chimpanzees, only
those clones engineered to have the independently deter-
mined and slightly different consensus amino acid sequence
of'the polypeptide of strain H77 were infectious (Kolykhalov,
A. A, etal. 1997 Science 277:570-574; Yanagi, M. et al. 1997
PNAS USA 94:8738-8743). Although the two infectious
clones differed at four amino acid positions, these differences
were represented in a major component of the quasispecies of
the cloning source. In the present study, a single consensus
sequence of strain HC-J4 could not be defined because the
consensus sequence obtained by two different approaches
(direct sequencing and sequencing of cloned products) dif-
fered at 20 amino acid positions, even though the same
genomic PCR product was analyzed. The infectious clone
differed at two positions from the composite amino acid
consensus sequence, from the sequence of the 8 additional
HC-J4 clones analyzed in this study and from published
sequences of earlier passage samples. An additional amino
acid differed from the composite consensus sequence but was
found in two other HC-J4 clones analyzed in this study. The
two non-infectious full-length clones of HC-J4 differed from
the composite consensus sequence by only 7 and 9 amino acid
differences. However, since these clones had the same termini
as the infectious clone (except for a single nucleotide inser-
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tioninthe 5' UTR of pCV-J41.4S), one or more of these amino
acid changes in each clone was apparently deleterious for the
virus.

It was also found in the present study that HC-J4, like other
strains of genotype 1b (Kolykhalov, A. A. etal. 1996 J. Virol.
70:3363-3371; Tanaka, T. et al. 1996. J. Virol. 70:3307-3312;
Yamada, N. et al. 1996 Virology 223:255-261), had a poly
U-UC region followed by a terminal conserved element. The
poly U-UC region appears to vary considerably so it was not
clear whether changes in this region would have a significant
effect on virus replication. On the other hand, the 3' 98 nucle-
otides of the HCV genome were previously shown to be
identical among other strains of genotypes la and 1b
(Kolykhalov,A. A.etal. 1996 J. Virol. 70:3363-3371; Tanaka,
T. et al. 1996. J. Virol. 70:3307-3312). Thus, use of the cas-
sette vector would not alter this region except for addition of
3 nucleotides found in strain H77 between the poly UC region
and the 3' 98 conserved nucleotides.

In conclusion, an infectious clone representing a genotype
1b strain of HCV has been constructed. Thus, it has been
demonstrated that it was possible to obtain an infectious clone
of a second strain of HCV. In addition, it has been shown that
aconsensus amino acid sequence was not absolutely required
for infectivity and that chimeras between the UTRs of two
different genotypes could be viable.
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Ala

Asn

Leu

Arg

195

Ser

Gln

Leu

Thr

Ala

Pro

Pro

100

Ser

Asp

Ala

Tyr

Ala

180

Asn

Ile

SEQ ID NO 1
LENGTH:
TYPE: PRT
ORGANISM:

3011

NUMBER OF SEQ ID NOS:

Hepatitis C

1

Pro

Asp

Leu

Ser

Arg

Leu

Arg

Arg

Leu

Arg

Ala

165

Leu

Ser

Val

Lys

Val

Pro

Glu

Arg

70

Tyr

Gly

Asn

Met

Ala

150

Thr

Leu

Ser

Tyr

Pro

Lys

Arg

Arg

55

Pro

Gly

Ser

Leu

Gly

135

Leu

Gly

Ser

Gly

Glu

65

virus

Gln

Phe

Arg

40

Ser

Glu

Asn

Arg

Gly

120

Tyr

Ala

Asn

Cys

Leu

200

Ala

Arg

Pro

Gly

Gln

Gly

Glu

Pro

105

Lys

Ile

His

Leu

Leu

185

Tyr

Ala

Lys

10

Gly

Pro

Pro

Arg

Gly

90

Ser

Val

Pro

Gly

Pro

170

Thr

His

Asp

Thr

Gly

Arg

Arg

Thr

75

Cys

Trp

Ile

Leu

Val

155

Gly

Val

Val

Ala

SEQUENCE LISTING

Lys

Gly

Leu

Gly

60

Trp

Gly

Gly

Asp

Val

140

Arg

Cys

Pro

Thr

Ile

Arg

Gln

Gly

45

Arg

Ala

Trp

Pro

Thr

125

Gly

Val

Ser

Ala

Asn

205

Leu

Asn

Ile

Val

Arg

Gln

Ala

Thr

110

Leu

Ala

Leu

Phe

Ser

190

Asp

His

Thr Asn
15

Val Gly

Arg Ala

Gln Pro

Pro Gly

80

Gly Trp
95

Asp Pro

Thr Cys

Pro Leu

Glu Asp

160
Ser Ile
175
Ala Tyr

Cys Pro

Thr Pro
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-continued

34

Gly

225

Ala

Gln

Ser

Gln

Asn

305

Asp

Leu

Trp

Ala

Thr

385

Gly

Asn

Leu

Ser

Phe

465

Asp

Val

Pro

Trp

Pro

545

Thr

Thr

Val

Thr
625

210

Cys

Val

Leu

Ala

Leu

290

Cys

Met

Leu

Gly

Lys

370

His

Leu

Gly

Asn

Ser

450

Ala

Glu

Pro

Val

Gly

530

Leu

Lys

Thr

Tyr

Asp

610

Ile

Val

Thr

Arg

Leu

275

Phe

Ser

Met

Arg

Val

355

Val

Val

Leu

Ser

Thr

435

Gly

Gln

Arg

Ala

Val

515

Ala

Gly

Val

Leu

Ser

595

Tyr

Phe

Pro

Pro

Arg

260

Tyr

Thr

Ile

Met

Ile

340

Leu

Leu

Thr

Thr

Trp

420

Gly

Cys

Gly

Pro

Lys

500

Val

Asn

Asn

Cys

Leu

580

Arg

Pro

Lys

Cys

Thr

245

His

Val

Phe

Tyr

Asn

325

Pro

Ala

Val

Gly

Pro

405

His

Trp

Pro

Trp

Tyr

485

Ser

Gly

Asp

Trp

Gly

565

Cys

Cys

Tyr

Val

Val

230

Val

Ile

Gly

Ser

Pro

310

Trp

Gln

Gly

Val

Gly

390

Gly

Ile

Leu

Glu

Gly

470

Cys

Val

Thr

Thr

Phe

550

Ala

Pro

Gly

Arg

Arg
630

215

Arg

Ala

Asp

Asp

Pro

295

Gly

Ser

Ala

Ile

Leu

375

Asn

Ala

Asn

Ala

Arg

455

Pro

Trp

Cys

Thr

Asp

535

Gly

Pro

Thr

Ser

Leu

615

Met

Glu

Thr

Leu

Leu

280

Arg

His

Pro

Ile

Ala

360

Leu

Ala

Lys

Ser

Gly

440

Leu

Ile

His

Gly

Asp

520

Val

Cys

Pro

Asp

Gly

600

Trp

Tyr

Gly

Arg

Leu

265

Cys

Arg

Ile

Thr

Met

345

Tyr

Leu

Gly

Gln

Thr

425

Leu

Ala

Ser

Tyr

Pro

505

Arg

Phe

Thr

Cys

Cys

585

Pro

His

Val

Asn

Asp

250

Val

Gly

His

Thr

Ala

330

Asp

Phe

Phe

Arg

Asn

410

Ala

Phe

Ser

Tyr

Pro

490

Val

Ser

Val

Trp

Val

570

Phe

Trp

Tyr

Gly

Ala

235

Gly

Gly

Ser

Trp

Gly

315

Ala

Met

Ser

Ala

Thr

395

Ile

Leu

Tyr

Cys

Ala

475

Pro

Tyr

Gly

Leu

Met

555

Ile

Arg

Ile

Pro

Gly
635

220

Ser

Lys

Ser

Val

Thr

300

His

Leu

Ile

Met

Gly

380

Thr

Gln

Asn

Gln

Arg

460

Asn

Arg

Cys

Ala

Asn

540

Asn

Gly

Lys

Thr

Cys

620

Val

Arg

Leu

Ala

Phe

285

Thr

Arg

Val

Ala

Val

365

Val

Ala

Leu

Cys

His

445

Arg

Gly

Pro

Phe

Pro

525

Asn

Ser

Gly

His

Pro

605

Thr

Glu

Cys

Pro

Thr

270

Leu

Gln

Met

Val

Gly

350

Gly

Asp

Gly

Ile

Asn

430

Lys

Leu

Ser

Cys

Thr

510

Thr

Thr

Thr

Val

Pro

590

Arg

Ile

His

Trp

Thr

255

Leu

Val

Asp

Ala

Ala

335

Ala

Asn

Ala

Leu

Asn

415

Glu

Phe

Thr

Gly

Gly

495

Pro

Tyr

Arg

Gly

Gly

575

Glu

Cys

Asn

Arg

Val

240

Thr

Cys

Gly

Cys

Trp

320

Gln

His

Trp

Glu

Val

400

Thr

Ser

Asn

Asp

Leu

480

Ile

Ser

Ser

Pro

Phe

560

Asn

Ala

Met

Tyr

Leu
640
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36

Glu Ala

Arg Asp

Gln Val

Leu Ile
690

Val Gly
705

Leu Leu

Met Met

Ile Leu

Leu Val
770

Gly Ala
785

Leu Ala

Ser Cys

Pro Tyr

Phe Leu
850

Asn Val
865

His Pro

Gly Pro

Val Arg

Ala Gly
930

Thr Gly
945

His Asn

Ser Arg

Cys Gly

Glu Ile
1010

Leu Leu
1025

Gly Cys

Ala

Arg

Leu

675

His

Ser

Phe

Leu

Asn

755

Phe

Val

Leu

Gly

Tyr

835

Thr

Arg

Thr

Leu

Val

915

Gly

Thr

Gly

Met

Asp

995

Leu

Ala

Ile

Cys Asn Trp Thr
645

Ser Glu Leu Ser
660

Pro Cys Ser Phe
Leu His Gln Asn
695

Ser Ile Ala Ser
710

Leu Leu Leu Ala
725

Leu Ile Ser Gln
740

Ala Ala Ser Leu
Phe Cys Phe Ala
775

Tyr Ala Leu Tyr
790

Pro Gln Arg Ala
805

Gly Val Val Leu
820

Lys Arg Tyr Ile
Arg Val Glu Ala
855

Gly Gly Arg Asp
870

Leu Val Phe Asp
885

Trp Ile Leu Gln
900

Gln Gly Leu Leu
His Tyr Val Gln
935

Tyr Val Tyr Asn
950

Leu Arg Asp Leu
965

Glu Thr Lys Leu
980

Ile Ile Asn Gly
Leu Gly Pro Ala
1015

Pro Ile Thr Ala
1030

Ile Thr Ser Leu
1045

Arg

Pro

Thr

680

Ile

Trp

Asp

Ala

Ala

760

Trp

Gly

Tyr

Val

Ser

840

Gln

Ala

Ile

Ala

Arg

920

Met

His

Ala

Ile

Leu

1000

Asp

Tyr

Thr

Gly Glu Arg Cys
650

Leu Leu Leu Ser
665

Thr Leu Pro Ala
Val Asp Val Gln
700

Ala Ile Lys Trp
715

Ala Arg Val Cys
730

Glu Ala Ala Leu
745

Gly Thr His Gly
Tyr Leu Lys Gly
780

Met Trp Pro Leu
795

Ala Leu Asp Thr
810

Gly Leu Met Ala
825

Trp Cys Met Trp
Leu His Val Trp
860

Val Ile Leu Leu
875

Thr Lys Leu Leu
890

Ser Leu Leu Lys
905

Ile Cys Ala Leu
Ala Ile Ile Lys
940

Leu Thr Pro Leu
955

Val Ala Val Glu
970

Thr Trp Gly Ala
985

Pro Val Ser Ala
Gly Met Val Ser
1020

Ala Gln Gln Thr
1035

Gly Arg Asp Lys
1050

Asp

Thr

Leu

685

Tyr

Glu

Ser

Glu

Leu

765

Arg

Leu

Glu

Leu

Trp

845

Val

Met

Leu

Val

Ala

925

Leu

Arg

Pro

Asp

Arg

1005

Lys

Arg

Asn

Leu

Thr

670

Ser

Leu

Tyr

Cys

Asn

750

Val

Trp

Leu

Val

Thr

830

Leu

Pro

Cys

Ala

Pro

910

Arg

Gly

Asp

Val

Thr

990

Arg

Gly

Gly

Gln

Glu Asp
655

Gln Trp

Thr Gly

Tyr Gly

Val Val

720

Leu Trp
735

Leu Val

Ser Phe

Val Pro

Leu Leu
800

Ala Ala
815

Leu Ser

Gln Tyr

Pro Leu

Val Val
880

Ile Phe
895

Tyr Phe

Lys Ile

Ala Leu

Trp Ala

960

Val Phe
975

Ala Ala

Gly Gln

Trp Arg

Leu Leu

1040

Val Glu

1055
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38

Gly Glu Val Gln Ile Val Ser Thr Ala
1060 1065

Cys Ile Asn Gly Val Cys Trp Thr Val
1075 1080

Thr Ile Ala Ser Pro Lys Gly Pro Val
1090 1095

Asp Gln Asp Leu Val Gly Trp Pro Ala
1105 1110

Thr Pro Cys Thr Cys Gly Ser Ser Asp
1125

Ala Asp Val Ile Pro Val Arg Arg Arg
1140 1145

Leu Ser Pro Arg Pro Ile Ser Tyr Leu
1155 1160

Leu Leu Cys Pro Ala Gly His Ala Val
1170 1175

Cys Thr Arg Gly Val Ala Lys Ala Val
1185 1190

Leu Gly Thr Thr Met Arg Ser Pro Val
1205

Pro Ala Val Pro Gln Ser Phe Gln Val
1220 1225

Gly Ser Gly Lys Ser Thr Lys Val Pro
1235 1240

Tyr Lys Val Leu Val Leu Asn Pro Ser
1250 1255

Gly Ala Tyr Met Ser Lys Ala His Gly
1265 1270

Gly Val Arg Thr Ile Thr Thr Gly Ser
1285

Gly Lys Phe Leu Ala Asp Gly Gly Cys
1300 1305

Ile Ile Cys Asp Glu Cys His Ser Thr
1315 1320

Ile Gly Thr Val Leu Asp Gln Ala Glu
1330 1335

Val Leu Ala Thr Ala Thr Pro Pro Gly
1345 1350

Asn Ile Glu Glu Val Ala Leu Ser Thr
1365

Gly Lys Ala Ile Pro Leu Glu Val Ile
1380 1385

Phe Cys His Ser Lys Lys Lys Cys Asp
1395 1400

Ala Leu Gly Ile Asn Ala Val Ala Tyr
1410 1415

Val Ile Pro Thr Ser Gly Asp Val Val
1425 1430

Met Thr Gly Phe Thr Gly Asp Phe Asp
1445

Cys Val Thr Gln Thr Val Asp Phe Ser
1460 1465

Glu Thr Thr Thr Leu Pro Gln Asp Ala

Thr Gln Thr Phe Leu Ala Thr
1070

Tyr His Gly Ala Gly Thr Arg
1085

Ile Gln Met Tyr Thr Asn Val
1100

Pro Gln Gly Ser Arg Ser Leu
1115 1120

Leu Tyr Leu Val Thr Arg His
1130 1135

Gly Asp Ser Arg Gly Ser Leu
1150

Lys Gly Ser Ser Gly Gly Pro
1165

Gly Leu Phe Arg Ala Ala Val
1180

Asp Phe Ile Pro Val Glu Asn
1195 1200

Phe Thr Asp Asn Ser Ser Pro
1210 1215

Ala His Leu His Ala Pro Thr
1230

Ala Ala Tyr Ala Ala Gln Gly
1245

Val Ala Ala Thr Leu Gly Phe
1260

Val Asp Pro Asn Ile Arg Thr
1275 1280

Pro Ile Thr Tyr Ser Thr Tyr
1290 1295

Ser Gly Gly Ala Tyr Asp Ile
1310

Asp Ala Thr Ser Ile Leu Gly
1325

Thr Ala Gly Ala Arg Leu Val
1340

Ser Val Thr Val Ser His Pro
1355 1360

Thr Gly Glu Ile Pro Phe Tyr
1370 1375

Lys Gly Gly Arg His Leu Ile
1390

Glu Leu Ala Ala Lys Leu Val
1405

Tyr Arg Gly Leu Asp Val Ser
1420

Val Val Ser Thr Asp Ala Leu
1435 1440

Ser Val Ile Asp Cys Asn Thr
1450 1455

Leu Asp Pro Thr Phe Thr Ile
1470

Val Ser Arg Thr Gln Arg Arg
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-continued

40

1475

Gly Arg Thr Gly Arg
1490

Gly Glu Arg Pro Ser
1505

Tyr Asp Ala Gly Cys
1525

Val Arg Leu Arg Ala
1540

Asp His Leu Glu Phe
1555

Asp Ala His Phe Leu
1570

Tyr Leu Val Ala Tyr
1585

Pro Pro Ser Trp Asp
1605

Thr Leu His Gly Pro
1620

Asn Glu Val Thr Leu
1635

Met Ser Ala Asp Leu
1650

Gly Val Leu Ala Ala
1665

Val Ile Val Gly Arg
1685

Asp Arg Glu Val Leu
1700

Gln His Leu Pro Tyr
1715

Lys Gln Lys Ala Leu
1730

Val Ile Thr Pro Ala
1745

Trp Ala Lys His Met
1765

Gly Leu Ser Thr Leu
1780

Phe Thr Ala Ala Val
1795

Phe Asn Ile Leu Gly
1810

Ala Ala Thr Ala Phe
1825

Ser Val Gly Leu Gly
1845

Ala Gly Val Ala Gly
1860

Val Pro Ser Thr Glu
1875

Pro Gly Ala Leu Val
1890

1480

1485

Gly Lys Pro Gly Ile Tyr Arg Phe Val Ala Pro

1495

Gly Met Phe Asp Ser
1510

Ala Trp Tyr Glu Leu
1530

Tyr Met Asn Thr Pro
1545

Trp Glu Gly Val Phe
1560

Ser
1515
Thr

Gly

Thr

1500

Val Leu Cys Glu Cys
1520

Pro Ala Glu Thr Thr
1535

Leu Pro Val Cys Gln
1550

Gly Leu Thr His Ile
1565

Ser Gln Thr Lys Gln Ser Gly Glu Asn Phe Pro

1575

Gln Ala Thr Val Cys
1590

Gln Met Trp Lys Cys
1610

Thr Pro Leu Leu Tyr
1625

Thr His Pro Ile Thr
1640

Ala
1595
Leu

Arg

Lys

1580

Arg Ala Gln Ala Pro
1600

Ile Arg Leu Lys Pro
1615

Leu Gly Ala Val Gln
1630

Tyr Ile Met Thr Cys
1645

Glu Val Val Thr Ser Thr Trp Val Leu Val Gly

1655

Leu Ala Ala Tyr Cys
1670

Ile Val Leu Ser Gly
1690

Tyr Gln Glu Phe Asp
1705

Ile Glu Gln Gly Met
1720

Leu
1675
Lys

Glu

Met

1660

Ser Thr Gly Cys Val
1680

Pro Ala Ile Ile Pro
1695

Met Glu Glu Cys Ser
1710

Leu Ala Glu Gln Phe
1725

Gly Leu Leu Gln Thr Ala Ser Arg His Ala Glu

1735

Val Gln Thr Asn Trp
1750

Trp Asn Phe Ile Ser
1770

Pro Gly Asn Pro Ala
1785

Thr Ser Pro Leu Thr
1800

Gln
1755
Gly

Ile

Thr

1740

Lys Leu Glu Val Phe
1760

Ile Gln Tyr Leu Ala
1775

Ala Ser Leu Met Ala
1790

Gly Gln Thr Leu Leu
1805

Gly Trp Val Ala Ala Gln Leu Ala Ala Pro Gly

1815

Val Gly Ala Gly Leu
1830

Lys Val Leu Val Asp
1850

Ala Leu Val Ala Phe
1865

Asp Leu Val Asn Leu
1880

Val Gly Val Val Cys
1895

Ala

1835

Ile

Lys

Leu

Ala

1820

Gly Ala Ala Ile Gly
1840

Leu Ala Gly Tyr Gly
1855

Ile Met Ser Gly Glu
1870

Pro Ala Ile Leu Ser
1885

Ala Ile Leu Arg Arg
1900
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41

-continued

42

His Val Gly
1905

Ala Phe Ala

Glu Ser Asp

Val Thr Gln

1955

Thr Thr Pro
1970

Cys Glu Val
1985

Pro Gln Leu

Gly Val Trp

Ala Glu Ile

2035

Pro Arg Thr
2050

Tyr Thr Thr
2065

Ala Leu Trp

Gly Asp Phe

Pro Cys Gln

2115

Arg Leu His
2130

Val Ser Phe
2145

Pro Cys Glu

Asp Pro Ser

Gly Ser Pro

2195

Pro Ser Leu
2210

Glu Leu Ile
2225

Ile Thr Arg

Asp Pro Leu

Glu Ile Leu
2275

Ala Arg Pro
2290

Asp Tyr Glu
2305

Pro Gly Glu Gly Ala Val Gln Trp Met Asn Arg Leu Ile
1910 1915 1920

Ser Arg Gly Asn His Val Ser Pro Thr His Tyr Val Pro
1925 1930 1935

Ala Ala Ala Arg Val Thr Ala Ile Leu Ser Ser Leu Thr
1940 1945 1950

Leu Leu Arg Arg Leu His Gln Trp Ile Ser Ser Glu Cys
1960 1965

Cys Ser Gly Ser Trp Leu Arg Asp Ile Trp Asp Trp Ile
1975 1980

Leu Ser Asp Phe Lys Thr Trp Leu Lys Ala Lys Leu Met
1990 1995 2000

Pro Gly Ile Pro Phe Val Ser Cys Gln Arg Gly Tyr Arg
2005 2010 2015

Arg Gly Asp Gly Ile Met His Thr Arg Cys His Cys Gly
2020 2025 2030

Thr Gly His Val Lys Asn Gly Thr Met Arg Ile Val Gly
2040 2045

Cys Arg Asn Met Trp Ser Gly Thr Phe Pro Ile Asn Ala
2055 2060

Gly Pro Cys Thr Pro Leu Pro Ala Pro Asn Tyr Lys Phe
2070 2075 2080

Arg Val Ser Ala Glu Glu Tyr Val Glu Ile Arg Arg Val
2085 2090 2095

His Tyr Val Ser Gly Met Thr Thr Asp Asn Leu Lys Cys
2100 2105 2110

Ile Pro Ser Pro Glu Phe Phe Thr Glu Leu Asp Gly Val
2120 2125

Arg Phe Ala Pro Pro Cys Lys Pro Leu Leu Arg Glu Glu
2135 2140

Arg Val Gly Leu His Glu Tyr Pro Val Gly Ser Gln Leu
2150 2155 2160

Pro Glu Pro Asp Val Ala Val Leu Thr Ser Met Leu Thr
2165 2170 2175

His Ile Thr Ala Glu Ala Ala Gly Arg Arg Leu Ala Arg
2180 2185 2190

Pro Ser Met Ala Ser Ser Ser Ala Ser Gln Leu Ser Ala
2200 2205

Lys Ala Thr Cys Thr Ala Asn His Asp Ser Pro Asp Ala
2215 2220

Glu Ala Asn Leu Leu Trp Arg Gln Glu Met Gly Gly Asn
2230 2235 2240

Val Glu Ser Glu Asn Lys Val Val Ile Leu Asp Ser Phe
2245 2250 2255

Val Ala Glu Glu Asp Glu Arg Glu Val Ser Val Pro Ala
2260 2265 2270

Arg Lys Ser Arg Arg Phe Ala Arg Ala Leu Pro Val Trp
2280 2285

Asp Tyr Asn Pro Pro Leu Val Glu Thr Trp Lys Lys Pro
2295 2300

Pro Pro Val Val His Gly Cys Pro Leu Pro Pro Pro Arg
2310 2315 2320
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-continued

44

Ser Pro Pro Val Pro
2325

Glu Ser Thr Leu Ser
2340

Gly Ser Ser Ser Thr
2355

Ser Glu Pro Ala Pro
2370

Tyr Ser Ser Met Pro
2385

Ser Asp Gly Ser Trp
2405

Val Val Cys Cys Ser
2420

Pro Cys Ala Ala Glu
2435

Ser Leu Leu Arg His
2450

Ala Cys Gln Arg Gln
2465

Asp Ser His Tyr Gln
2485

Lys Val Lys Ala Asn
2500

Pro Pro His Ser Ala
2515

Arg Cys His Ala Arg
2530

Asp Leu Leu Glu Asp
2545

Lys Asn Glu Val Phe
2565

Ala Arg Leu Ile Val
2580

Met Ala Leu Tyr Asp
2595

Pro Pro Arg Lys Lys Arg Thr Val Val Leu Thr

2330

2335

Thr Ala Leu Ala Glu Leu Ala Thr Lys Ser Phe

Ser Gly Ile

Ser

Pro

2390

Ser

Met

Glu

His

Lys

2470

Asp

Leu

Lys

Lys

Ser

2550

Cys

Phe

Val

Gly

2375

Leu

Thr

Ser

Gln

Asn

2455

Lys

Val

Leu

Ser

Ala

2535

Val

Val

Pro

Val

Ser Ser Tyr Gly Phe Gln Tyr

2610

Val Gln Ala Trp Lys
2625

Thr Arg Cys Phe Asp
2645

Glu Ala Ile Tyr Gln
2660

Ile Lys Ser Leu Thr
2675

Ser Arg Gly Glu Asn
2690

Ser

2630

Ser

Cys

Glu

Cys

2615

Lys

Thr

Cys

Arg

Gly
2695

Leu Thr Thr Ser Cys Gly Asn

2705

2710

Ala Ala Cys Arg Ala Ala Gly

2725

Gly Asp Asp Leu Val Val Ile

2360

Cys

Glu

Val

Tyr

Lys

2440

Leu

Val

Leu

Ser

Lys

2520

Val

Thr

Gln

Asp

Ser

2600

Ser

Lys

Val

Asp

Leu

2680

Tyr

Thr

Leu

Cys

2345

Thr Gly Asp Asn Thr
2365

Pro Pro Asp Ser Asp
2380

Gly Glu Pro Gly Asp
2395

Ser Ser Gly Ala Asp
2410

Ser Trp Thr Gly Ala
2425

Leu Pro Ile Asn Ala
2445

Val Tyr Ser Thr Thr
2460

Thr Phe Asp Arg Leu
2475

Lys Glu Val Lys Ala
2490

Val Glu Glu Ala Cys
2505

Phe Gly Tyr Gly Ala
2525

Ala His Ile Asn Ser
2540

Pro Ile Asp Thr Thr
2555

Pro Glu Lys Gly Gly
2570

Leu Gly Val Arg Val
2585

Lys Leu Pro Leu Ala
2605

Pro Gly Gln Arg Val
2620

Thr Pro Met Gly Phe
2635

Thr Glu Ser Asp Ile
2650

Leu Asp Pro Gln Ala
2665

Tyr Val Gly Gly Pro
2685

Arg Arg Cys Arg Ala
2700

Leu Thr Cys Tyr Ile
2715

Gln Asp Cys Thr Met
2730

Glu Ser Ala Gly Val

2350

Thr Thr Ser

Val Glu Ser

Pro Asp Leu

2400

Thr Glu Asp
2415

Leu Val Thr
2430

Leu Ser Asn

Ser Arg Ser

Gln Val Leu

2480

Ala Ala Ser
2495

Ser Leu Thr
2510

Lys Asp Val

Val Trp Lys

Ile Met Ala

2560

Arg Lys Pro
2575

Cys Glu Lys
2590

Val Met Gly

Glu Phe Leu

Ser Tyr Asp

2640

Arg Thr Glu
2655

Arg Val Ala
2670

Leu Thr Asn

Ser Gly Val

Lys Ala Arg
2720

Leu Val Cys
2735

Gln Glu Asp
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46

2740

Ala Ala Ser Leu Arg Ala Phe Thr

2755

Pro Pro Gly Asp Pro Pro Gln Pro

2770

27

2760

2775

45

Ser Cys Ser Ser Asn Val Ser Val Ala His Asp
2785 2790

Val Tyr Tyr Leu Thr Arg Asp Pro T

2805

2795

hr Thr Pro
2810

2750

Glu Ala Met Thr Arg Tyr

2765

2780

Gly Ala Gly

Leu Ala Arg

Trp Glu Thr Ala Arg His Thr Pro Val Asn Ser Trp Leu Gly

2820

Ile Met Phe Ala Pro Thr

2835

Phe Phe Ser Val Leu Ile Ala

2850

28

2840

2855

25

Leu Trp Ala Arg Met

2830

Ile Leu Met
2845

Arg Asp Gln Leu Glu Gln Ala

2860

Cys Glu Ile Tyr Gly Ala Cys Tyr Ser Ile Glu Pro Leu Asp
2865 2870

Pro Ile Ile Gln Arg Leu His Gly L

2885

Tyr Ser Pro Gly Glu Ile Asn Arg V

2900

Gly Val Pro Pro Leu Arg

2915

29

2920

2875

eu Ser Ala
2890

al Ala Ala
05

Ala Trp Arg His Arg

Phe Ser Leu
Cys Leu Arg
2910

Ala Arg Ser
2925

Ala Arg Leu Leu Ser Arg Gly Gly Arg Ala Ala Ile Cys Gly

2930

2935

Leu Phe Asn Trp Ala Val Arg Thr Lys Leu Lys
2945 2950

Ala Ala Gly Arg Leu Asp Leu Ser G

2965

Gly Gly Asp Ile Tyr His Ser Val S

2980

Trp Phe Cys Leu Leu Leu

2995

Pro Asn Arg
3010

<210> SEQ ID NO 2
<211> LENGTH: 9599
<212> TYPE: DNA

29

3000

<213> ORGANISM: Hepatitis C virus

<400> SEQUENCE: 2

gccagcccce tgatggggge

tcttcacgca gaaagegtcet

cceceectece gggagageca

gacgaccggg tcctttettyg

gcaagactge tagccgagta

gtgcttgega gtgccceggy

ctcaaagaaa aaccaaacgt

geggtcagat cgttggtgga

gegegacgag gaagacttee

gacactccac
agccatggeg
tagtggtctyg
gataaacccyg
gtgttgggte
aggtctegta
aacaccaacc

gtttacttgt

gagcggtege

2955

ly Trp Phe
2970

er His Ala
85

Leu Ala Ala Gly Val

catgaatcac

ttagtatgag

cggaaccggt

ctcaatgect

gcgaaaggcece

gaccgtgcac

gtcgeccaca

tgcecgegeag

aacctcgagyg

2940

Leu Thr Pro

Thr Ala Gly

Arg Pro Arg

2990

Gly Ile Tyr
3005

tccectgtga
tgtcgtgeag
gagtacaccg
ggagatttgg
ttgtggtact
catgagcacyg
ggacgtcaag
gggccctaga

tagacgtcag

Ser Ala

Glu Tyr Asp Leu Glu Leu Ile Thr

Lys Arg
2800

Ala Ala
2815

Asn Ile

Thr His

Leu Asn

Leu Pro

2880

His Ser
2895

Lys Leu

Val Arg

Lys Tyr

Ile Ala

2960

Tyr Ser
2975

Trp Phe

Leu Leu

ggaactactg
cctecaggac
gaattgccag
gegtgeccce
gectgatagg
aatcctaaac
ttccegggty
ttgggtgtge

cctatccecca

60

120

180

240

300

360

420

480

540
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aggcacgteg gcccgaggge aggacctggg ctcagcecegg gtacccttgg cccctetatg 600
gcaatgaggyg ttgcgggtgg gcgggatgge tectgtetee cegtggetet cggectaget 660
ggggccccac agacccccgg cgtaggtcege gecaatttggg taaggtcatc gataccctta 720
cgtgeggett cgccgaccte atggggtaca taccgctegt cggegeccect cttggaggeg 780
ctgccaggge cctggegecat ggegteeggg ttetggaaga cggegtgaac tatgcaacag 840
ggaaccttee tggttgectcet ttectcectatcect tecttetgge cectgcetectet tgectgactyg 900
tgccegette agectaccaa gtgcgcaatt cectegggget ttaccatgte accaatgatt 960
gccectaacte gagtattgtg tacgaggcgg ccgatgccat cctgcacact ccggggtgtg 1020
tcecttgegt tegcgagggt aacgcectcga ggtgttgggt ggcggtgacce cccacggtgg 1080
ccaccaggga cggcaaactc cccacaacgc agcttcgacg tcatatcgat ctgcttgteg 1140
ggagcgccac cctetgeteg gcecectcectacg tgggggaccet gtgegggtcet gtetttettg 1200
ttggtcaact gtttaccttc tcectcccagge gccactggac gacgcaagac tgcaattgtt 1260
ctatctatcc cggccatata acgggtcatc gcatggcatg ggatatgatg atgaactggt 1320
ccectacgge agegttggtyg gtagcetcage tgctceccggat cccacaagece atcatggaca 1380
tgatcgetgg tgctcactgg ggagtcectgg cgggcatage gtatttctee atggtgggga 1440
actgggcgaa ggtcctggta gtgctgetge tatttgecgg cgtcgacgcg gaaacccacg 1500
tcaccggggg aaatgccgge cgcaccacgg ctgggcttgt tggtctcectt acaccaggceg 1560
ccaagcagaa catccaactg atcaacacca acggcagttyg gcacatcaat agcacggcct 1620
tgaattgcaa tgaaagcctt aacaccggct ggttagcagg gctcttctat caacacaaat 1680
tcaactcttc aggctgtect gagaggttgg ccagctgecg acgccttacce gattttgece 1740
agggctgggg tcectatcagt tatgccaacg gaagcggcect cgacgaacgce ccctactget 1800
ggcactacce tccaagacct tgtggcattg tgcccgcaaa gagcegtgtgt ggcccggtat 1860
attgcttcac tcccagcecee gtggtggtgg gaacgaccga caggtcgggce gegcectacct 1920
acagctgggg tgcaaatgat acggatgtct tcgtceccttaa caacaccagg ccaccgctgg 1980
gcaattggtt cggttgtacc tggatgaact caactggatt caccaaagtg tgcggagcgce 2040
ccecttgtgt catcggaggg gtgggcaaca acaccttget ctgccccact gattgcttcece 2100
gcaaacatcc ggaagccaca tactcteggt geggctceccecgg tcecctggatt acacccaggt 2160
gcatggtcga ctacccgtat aggctttgge actatccttg taccatcaat tacaccatat 2220
tcaaagtcag gatgtacgtg ggaggggtcg agcacaggct ggaagcggece tgcaactgga 2280
cgeggggega acgcetgtgat ctggaagaca gggacaggte cgagetcage ccegttgetge 2340
tgtccaccac acagtggcag gtccttecgt gttetttcac gaccctgcca gecttgteca 2400
ccggectecat ccacctcecac cagaacattg tggacgtgca gtacttgtac ggggtagggt 2460
caagcatcgce gtcctgggec attaagtggg agtacgtegt tcectcectgtte cttetgettg 2520
cagacgcgceg cgtctgctece tgecttgtgga tgatgttact catatcccaa gcecggaggcgg 2580
ctttggagaa cctcgtaata ctcaatgcag catccctgge cgggacgcac ggtcttgtgt 2640
ccttectegt gttcettetge tttgegtggt atctgaaggg taggtgggtg cccggagegg 2700
tctacgecct ctacgggatg tggcctectcee tectgctect getggegttg cetcageggg 2760
catacgcact ggacacggag gtggccgcgt cgtgtggegg cgttgttctt gtecgggttaa 2820
tggcgctgac tctgtcgeca tattacaage gctatatcag ctggtgcatg tggtggctte 2880
agtattttct gaccagagta gaagcgcaac tgcacgtgtg ggttccccece ctcaacgtcece 2940
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ggggggggcyg cgatgccgte atcttactca tgtgtgtagt acacccgacc ctggtatttg 3000
acatcaccaa actactcctg gceccatcttceg gacccecctttg gattcttcaa gecagtttge 3060
ttaaagtccce ctacttcecgtg cgcgttcaag gceccttcectecg gatctgegeg ctagcecgegga 3120
agatagccgg aggtcattac gtgcaaatgg ccatcatcaa gttaggggcg cttactggca 3180
cctatgtgta taaccatctc acccctette gagactgggce gcacaacggce ctgcgagatce 3240
tggcecgtgge tgtggaacca gtecgtcettcet cccgaatgga gaccaagctce atcacgtggg 3300
gggcagatac cgccgcgtge ggtgacatca tcaacggctt geccgtectcet gceccegtaggyg 3360
gccaggagat actgcettggg ccagccgacg gaatggtcte caaggggtgg aggttgetgg 3420
cgceccatcac ggcgtacgcece cagcagacga gaggcctect agggtgtata atcaccagece 3480
tgactggcecg ggacaaaaac caagtggagg gtgaggtcca gatcgtgtca actgctacce 3540
aaaccttecct ggcaacgtgce atcaatgggg tatgctggac tgtctaccac ggggccggaa 3600
cgaggaccat cgcatcaccc aagggtcctg tcatccagat gtataccaat gtggaccaag 3660
accttgtggg ctggcccget cctcaaggtt ccecgctcatt gacaccctgt acctgceggcet 3720
cctecggacct ttacctggte acgaggcacg ccgatgtcat tecccegtgcge cggcgaggtg 3780
atagcagggg tagcctgcett tegcccecgge ccatttecta cttgaaaggce tectcecggggg 3840
gtcegetgtt gtgeccegeg ggacacgecg tgggcctatt cagggccgceg gtgtgcaccce 3900
gtggagtggc taaagcggtg gactttatcc ctgtggagaa cctagggaca accatgagat 3960
cceecggtgtt cacggacaac tectctecac cagcagtgece ccagagctte caggtggecce 4020
acctgcatge tcccaccgge agcggtaaga gcaccaaggt cceeggetgeg tacgcagcece 4080
agggctacaa ggtgttggtg ctcaacccct ctgttgectge aacgctggge tttggtgett 4140
acatgtccaa ggcccatggg gttgatccta atatcaggac cggggtgaga acaattacca 4200
ctggcagccce catcacgtac tccacctacg gcaagttect tgccgacggce gggtgctcag 4260
gaggtgctta tgacataata atttgtgacg agtgccactc cacggatgcc acatccatct 4320
tgggcatcgg cactgtcectt gaccaagcag agactgcggg ggcgagactg gttgtgectceg 4380
ccactgctac cccteccggge tecgtcactg tgtcecccatcece taacatcgag gaggttgcetce 4440
tgtccaccac cggagagatc cccttttacg gcaaggctat ccccctcgag gtgatcaagg 4500
ggggaagaca tctcatctte tgccactcaa agaagaagtg cgacgagctc gecgcgaage 4560
tggtcgcatt gggcatcaat gccgtggcect actaccgegg tcecttgacgtg tetgtcatce 4620
cgaccagcgg cgatgttgte gtegtgtcga ccgatgetet catgactgge tttaccggeg 4680
acttcgactc tgtgatagac tgcaacacgt gtgtcactca gacagtcgat ttcagccttg 4740
accctacctt taccattgag acaaccacgc tcccccagga tgctgtctee aggactcaac 4800
geeggggcayg gactggcagg gggaagccag gcatctatag atttgtggca cecgggggage 4860
gccecteegyg catgttcgac tcegtceccgtece tetgtgagtyg ctatgacgeg ggetgtgett 4920
ggtatgagcet cacgcccgee gagactacag ttaggctacg agegtacatg aacaccccegg 4980
ggcttcecegt gtgccaggac catcttgaat tttgggaggg cgtctttacg ggectcactce 5040
atatagatgc ccacttttta tcccagacaa agcagagtgg ggagaacttt ccttacctgg 5100
tagcgtacca agccaccgtg tgcgctaggg ctcaagccee teccccateyg tgggaccaga 5160
tgtggaagtg tttgatccge cttaaaccca ccctceccatgg geccaacacce ctgctataca 5220
gactgggcge tgttcagaat gaagtcaccc tgacgcaccc aatcaccaaa tacatcatga 5280
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catgcatgtc ggccgacctyg gaggtcgtca cgagcacctg ggtgctcegtt ggcggcegtcece 5340
tggctgcectcet ggccgcgtat tgcctgtcaa caggctgegt ggtcatagtg ggcaggatcg 5400
tcttgtecgg gaagecggca attatacctg acagggaggt tcectctaccag gagttcgatg 5460
agatggaaga gtgctctcag cacttaccgt acatcgagca agggatgatg ctcgctgagce 5520
agttcaagca gaaggccctce ggcctectge agaccgegte ccgccatgca gaggttatca 5580
ccectgetgt ccagaccaac tggcagaaac tcgaggtett ttgggcgaag cacatgtgga 5640
atttcatcag tgggatacaa tacttggcgg gcctgtcaac gectgecctggt aaccccgeca 5700
ttgcttcatt gatggctttt acagctgccg tcaccagecc actaaccact ggccaaaccce 5760
tcetettecaa catattgggg gggtgggtgg ctgcccaget cgccgeccee ggtgecgceta 5820
ctgcctttgt gggtgctgge ctagcetggceg ccgccategg cagcecgttgga ctggggaagg 5880
tcetegtgga cattecttgca gggtatggceg cgggcgtgge gggagcectctt gtagcattca 5940
agatcatgag cggtgaggtc ccctccacgg aggacctggt caatctgctg cccgcecatcce 6000
tctegectgg agcececttgta gteggtgtgg tcectgcgcage aatactgcge cggcacgttg 6060
geeegggega gggggcagtyg caatggatga accggctaat agecttegec teccggggga 6120
accatgttte ccccacgcac tacgtgecgg agagcgatge agecgeccge gtcactgcca 6180
tactcagcag cctcactgta acccagctce tgaggcgact gcatcagtgg ataagctegg 6240
agtgtaccac tccatgctcc ggttcecctgge taagggacat ctgggactgg atatgcgagg 6300
tgctgagcga ctttaagacc tggctgaaag ccaagctcat gccacaactg cctgggattce 6360
cctttgtgte ctgccagege gggtataggg gggtctggceg aggagacggce attatgcaca 6420
ctcgectgeca ctgtggaget gagatcactg gacatgtcaa aaacgggacg atgaggatcg 6480
tcggtectag gacctgcagg aacatgtgga gtgggacgtt ccccattaac gectacacca 6540
cgggccectg tactccceett ccectgecgecga actataagtt cgcecgetgtgg agggtgtcetg 6600
cagaggaata cgtggagata aggcgggtgg gggacttcca ctacgtatcg ggtatgacta 6660
ctgacaatct taaatgcccg tgccagatce catcgcccga atttttcaca gaattggacg 6720
gggtgcgect acacaggttt gcgeccccectt gcaageccctt getgcgggag gaggtatcat 6780
tcagagtagg actccacgag tacccggtgg ggtcgcaatt accttgcgag cccgaaccgg 6840
acgtagccgt gttgacgtcc atgctcactg atcecctecca tataacagca gaggcggcecg 6900
ggagaaggtt ggcgagaggg tcaccccctt ctatggccag ctectcegget agccagetgt 6960
ccgctecate tcectcaaggca acttgcaccg ccaaccatga ctccecctgac gecgagcetca 7020
tagaggctaa cctcectgtgg aggcaggaga tgggcggcaa catcaccagg gttgagtcag 7080
agaacaaagt ggtgattctg gactccttcg atcecgcttgt ggcagaggag gatgagcggg 7140
aggtctcecgt acctgcagaa attctgcgga agtctcggag attcgeccgg gecctgececg 7200
tetgggegeg gecggactac aaccccecge tagtagagac gtggaaaaag cctgactacg 7260
aaccacctgt ggtccatgge tgcccgctac cacctccacg gtccectect gtgectecege 7320
ctcggaaaaa gcgtacggtyg gtectcaccg aatcaaccct atctactgece ttggcecgagce 7380
ttgccaccaa aagttttggc agctcctcaa ctteccggcat tacgggcgac aatacgacaa 7440
catcctetga geccgecect tetggetgcee ccecccgacte cgacgttgag tectattcett 7500
ccatgeccee cctggagggyg gagectgggg atccggatet cagegacggyg tcatggtcga 7560
cggtcagtag tggggccgac acggaagatg tcgtgtgcetg ctcaatgtcet tattcctgga 7620
caggcgcact cgtcaccccg tgcgctgegg aagaacaaaa actgcccatc aacgcactga 7680



53

US 7,846,454 B2

54
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gcaactcgtt gctacgccat cacaatctgg tgtattccac cacttcacgc agtgcttgece 7740
aaaggcagaa gaaagtcaca tttgacagac tgcaagttct ggacagccat taccaggacg 7800
tgctcaagga ggtcaaagca gcggcgtcaa aagtgaaggce taacttgcta tccgtagagg 7860
aagcttgcag cctgacgccce ccacattcag ccaaatccaa gtttggctat ggggcaaaag 7920
acgtcegttg ccatgccaga aaggccgtag cccacatcaa ctcegtgtgg aaagacctte 7980
tggaagacag tgtaacacca atagacacta ccatcatggc caagaacgag gttttctgceg 8040
ttcagectga gaaggggggt cgtaagccag ctecgtctcecat cgtgttccee gacctgggeg 8100
tgcgegtgtyg cgagaagatg gecctgtacg acgtggttag caagctccce ctggecgtga 8160
tgggaagctc ctacggattc caatactcac caggacagcg ggttgaattce ctcecgtgcaag 8220
cgtggaagtc caagaagacc ccgatggggt tctegtatga tacccgcectgt tttgactcca 8280
cagtcactga gagcgacatc cgtacggagg aggcaattta ccaatgttgt gacctggacc 8340
cccaageccg cgtggccatce aagtccectca ctgagaggct ttatgttggg ggccctetta 8400
ccaattcaag gggggaaaac tgcggctacce gecaggtgeeg cgcgagcegge gtactgacaa 8460
ctagctgtgg taacaccctce acttgctaca tcaaggcccg ggcagcctgt cgagcecgcag 8520
ggctccagga ctgcaccatg ctegtgtgtg gcgacgactt agtcgttatce tgtgaaagtg 8580
cgggggteca ggaggacgcg gcgagectga gagecttceac ggaggctatyg accaggtact 8640
cegeecccee cggggacccee ccacaaccag aatacgactt ggagcttata acatcatget 8700
cctccaacgt gtcagtcgece cacgacggcg ctggaaagag ggtctactac cttaccecgtg 8760
accctacaac cccectegeg agagecgegt gggagacage aagacacact ccagtcaatt 8820
cctggctagg caacataatc atgtttgcce ccacactgtg ggcgaggatg atactgatga 8880
cccatttett tagcgtcecte atagccaggg atcagcttga acaggctctt aactgtgaga 8940
tctacggagce ctgctactcc atagaaccac tggatctacc tccaatcatt caaagactcce 9000
atggcctcag cgcattttca ctccacagtt actctccagg tgaaatcaat agggtggecg 9060
catgectcag aaaacttggg gtcccgecct tgegagettyg gagacaccegyg gceccggageg 9120
tcegegetag gettetgtee agaggaggca gggctgecat atgtggcaag tacctcettca 9180
actgggcagt aagaacaaag ctcaaactca ctccaatage ggcecgetgge cggctggact 9240
tgtcecggttg gttcacggcet ggctacagcg ggggagacat ttatcacagce gtgtctcatg 9300
cceggecceg ctggttetgg ttttgectac tectgctege tgcaggggta ggcatctacce 9360
tcetecccaa ccgatgaagg ttggggtaaa cactccggece tcecttaagcca tttectgttt 9420
tttttttttt tttttttttt tttttcetttt tttttttett teocttteccectt ctttttttec 9480
tttcttttte ccttetttaa tggtggctcee atcttagece tagtcacgge tagctgtgaa 9540
aggtccgtga gccgcatgac tgcagagagt gctgatactg gectctctge agatcatgt 9599

<210> SEQ ID NO 3
<211> LENGTH: 3010
<212> TYPE: PRT

<213> ORGANISM: Hepatitis C virus

<400> SEQUENCE: 3

Met Ser Thr Asn Pro Lys Pro Gln Arg Lys Thr Lys Arg Asn Thr Asn

1 5

10

15

Arg Arg Pro Gln Asp Val Lys Phe Pro Gly Gly Gly Gln Ile Val Gly

20

25

30
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56

Gly

Thr

Ile

65

Tyr

Leu

Arg

Gly

Gly

145

Gly

Phe

Glu

Asn

Gly

225

Ala

Thr

Ser

Gln

Asn

305

Asp

Leu

Trp

Ala

Thr

385

Ser

Asn

Leu

Ser

Val

Arg

50

Pro

Pro

Leu

Arg

Phe

130

Gly

Val

Leu

Val

Ser

210

Cys

Leu

Ile

Ala

Leu

290

Cys

Met

Leu

Gly

Lys

370

His

Leu

Gly

Gln

Ser

Tyr

35

Lys

Lys

Trp

Ser

Arg

115

Ala

Ala

Asn

Leu

Arg

195

Ser

Val

Thr

Arg

Met

275

Phe

Ser

Met

Arg

Val

355

Val

Thr

Phe

Ser

Thr

435

Gly

Leu

Ala

Ala

Pro

Pro

100

Ser

Asp

Ala

Tyr

Ala

180

Asn

Ile

Pro

Pro

Arg

260

Tyr

Thr

Ile

Met

Ile

340

Leu

Leu

Thr

Ser

Trp

420

Gly

Cys

Leu

Ser

Arg

Leu

85

Arg

Arg

Leu

Arg

Ala

165

Leu

Val

Val

Cys

Thr

245

Val

Phe

Tyr

Asn

325

Pro

Ala

Ile

Gly

Ser

405

Phe

Pro

Pro

Glu

Arg

70

Tyr

Gly

Asn

Met

Ala

150

Thr

Leu

Ser

Tyr

Val

230

Leu

Val

Gly

Ser

Pro

310

Trp

Gln

Gly

Val

Arg

390

Gly

Ile

Phe

Glu

Arg

Arg

55

Pro

Gly

Ser

Leu

Gly

135

Leu

Gly

Ser

Gly

Glu

215

Gln

Ala

Asp

Asp

Pro

295

Gly

Ser

Ala

Leu

Ala

375

Val

Ala

Asn

Ala

Arg

Arg

40

Ser

Glu

Asn

Arg

Gly

120

Tyr

Ala

Asn

Cys

Ile

200

Ala

Glu

Ala

Leu

Leu

280

Arg

His

Pro

Val

Ala

360

Leu

Ala

Ser

Arg

Ala

440

Met

Gly

Gln

Gly

Glu

Pro

105

Lys

Ile

His

Leu

Leu

185

Tyr

Ala

Gly

Arg

Leu

265

Cys

Arg

Val

Thr

Val

345

Tyr

Leu

Gly

Gln

Thr

425

Leu

Ala

Pro

Pro

Arg

Gly

90

Ser

Val

Pro

Gly

Pro

170

Thr

His

Asp

Asn

Asn

250

Val

Gly

His

Ser

Thr

330

Asp

Tyr

Phe

His

Lys

410

Ala

Phe

Ser

Arg

Arg

Ala

75

Leu

Trp

Ile

Leu

Val

155

Gly

Ile

Val

Val

Ser

235

Ala

Gly

Ser

Glu

Gly

315

Ala

Met

Ser

Ala

Thr

395

Ile

Leu

Tyr

Cys

Leu Gly Val Arg

Gly

60

Trp

Gly

Gly

Asp

Val

140

Arg

Cys

Pro

Thr

Ile

220

Ser

Ser

Thr

Ile

Thr

300

His

Leu

Val

Met

Gly

380

Thr

Gln

Asn

Ala

Arg

45

Arg

Ala

Trp

Pro

Thr

125

Gly

Val

Ser

Ala

Asn

205

Met

Arg

Val

Ala

Phe

285

Val

Arg

Val

Ala

Val

365

Val

Ser

Leu

Cys

His

445

Pro

Arg

Gln

Ala

Thr

110

Leu

Ala

Leu

Phe

Ser

190

Asp

His

Cys

Pro

Ala

270

Leu

Gln

Met

Val

Gly

350

Gly

Asp

Gly

Val

Asn

430

Lys

Ile

Gln

Pro

Gly

95

Asp

Thr

Pro

Glu

Ser

175

Ala

Cys

Thr

Trp

Thr

255

Phe

Val

Asp

Ala

Ser

335

Ala

Asn

Gly

Phe

Asn

415

Asp

Phe

Asp

Ala

Pro

Gly

80

Trp

Pro

Cys

Leu

Asp

160

Ile

Tyr

Ser

Pro

Val

240

Thr

Cys

Ser

Cys

Trp

320

Gln

His

Trp

Glu

Thr

400

Thr

Ser

Asn

Trp
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Phe

465

Asp

Val

Pro

Trp

Pro

545

Thr

Arg

Thr

Val

Ser

625

Asn

Arg

Gln

Leu

Val

705

Leu

Met

Val

Leu

Gly

785

Leu

Ser

Pro

Phe

Asn
865

450

Ala

Gln

Pro

Val

Gly

530

Gln

Lys

Thr

Tyr

Asp

610

Ile

Ala

Asp

Ile

Ile

690

Gly

Leu

Met

Leu

Val

770

Ala

Ala

Cys

Tyr

Ile

850

Val

Gln

Arg

Ala

Val

515

Glu

Gly

Thr

Leu

Thr

595

Tyr

Phe

Ala

Arg

Leu

675

His

Ser

Phe

Leu

Asn

755

Phe

Ala

Leu

Gly

Tyr

835

Thr

Arg

Gly

Pro

Ser

500

Val

Asn

Asn

Cys

Ile

580

Lys

Pro

Lys

Cys

Ser

660

Pro

Leu

Ala

Leu

Leu

740

Ala

Phe

Tyr

Pro

Gly

820

Lys

Arg

Gly

Trp

Tyr

485

Gln

Gly

Glu

Trp

Gly

565

Cys

Cys

Tyr

Val

Asn

645

Glu

Cys

His

Phe

Leu

725

Ile

Ala

Cys

Ala

Pro

805

Ala

Val

Ala

Gly

Gly

470

Cys

Val

Thr

Thr

Phe

550

Gly

Pro

Gly

Arg

Arg

630

Trp

Leu

Ala

Gln

Val

710

Leu

Ala

Ser

Ala

Phe

790

Arg

Val

Phe

Glu

Arg
870

455

Pro

Trp

Cys

Thr

Asp

535

Gly

Pro

Thr

Ser

Leu

615

Met

Thr

Ser

Phe

Asn

695

Ser

Ala

Gln

Val

Ala

775

Tyr

Ala

Leu

Leu

Ala

855

Asp

Ile

His

Gly

Asp

520

Val

Cys

Pro

Asp

Gly

600

Trp

Tyr

Arg

Pro

Thr

680

Ile

Phe

Asp

Ala

Ala

760

Trp

Gly

Tyr

Val

Thr

840

His

Ala

Thr

Tyr

Pro

505

Arg

Met

Thr

Cys

Cys

585

Pro

His

Val

Gly

Leu

665

Thr

Val

Ala

Ala

Glu

745

Gly

Tyr

Val

Ala

Gly

825

Arg

Met

Ile

Tyr

Ala

490

Val

Ser

Leu

Trp

Asn

570

Phe

Trp

Tyr

Gly

Glu

650

Leu

Leu

Asp

Ile

Arg

730

Ala

Ala

Ile

Trp

Leu

810

Leu

Leu

Gln

Ile

Thr

475

Pro

Tyr

Gly

Leu

Met

555

Ile

Arg

Leu

Pro

Gly

635

Arg

Leu

Pro

Val

Lys

715

Val

Ala

His

Lys

Pro

795

Asp

Val

Ile

Val

Leu
875

460

Lys

Arg

Cys

Val

Asn

540

Asn

Gly

Lys

Thr

Cys

620

Val

Cys

Ser

Ala

Gln

700

Trp

Cys

Leu

Gly

Gly

780

Leu

Arg

Phe

Trp

Trp

860

Leu

Pro

Pro

Phe

Pro

525

Asn

Ser

Gly

His

Pro

605

Thr

Glu

Asn

Thr

Leu

685

Tyr

Glu

Ala

Glu

Ile

765

Arg

Leu

Glu

Leu

Trp

845

Val

Thr

Asn

Cys

Thr

510

Thr

Thr

Thr

Val

Pro

590

Arg

Leu

His

Leu

Thr

670

Ser

Leu

Tyr

Cys

Asn

750

Leu

Leu

Leu

Met

Thr

830

Leu

Pro

Cys

Ser

Gly

495

Pro

Tyr

Arg

Gly

Gly

575

Glu

Cys

Asn

Arg

Glu

655

Glu

Thr

Tyr

Ile

Leu

735

Leu

Ser

Ala

Leu

Ala

815

Leu

Gln

Pro

Ala

Ser

480

Val

Ser

Ser

Pro

Phe

560

Asn

Ala

Leu

Phe

Leu

640

Asp

Trp

Gly

Gly

Leu

720

Trp

Val

Phe

Pro

Leu

800

Ala

Ser

Tyr

Leu

Val
880
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His Pro Glu

Gly Pro Leu

Val Arg Ala

915

Ala Gly Gly
930

Thr Gly Thr
945

His Ala Gly

Ser Ala Met

Cys Gly Asp

995

Glu Ile Phe
1010

Leu Leu Ala
1025

Gly Cys Ile

Gly Glu Val

Cys Ile Asn

1075

Thr Leu Ala
1090

Asp Leu Asp
1105

Thr Pro Cys

Ala Asp Val

Leu Ser Pro

1155

Leu Leu Cys
1170

Cys Thr Arg
1185

Met Glu Thr

Pro Ala Val

Gly Ser Gly

1235

Tyr Lys Val
1250

Gly Ala Tyr
1265

Gly Val Arg

Leu Ile
885

Met Val
900

Gln Gly

His Tyr

Tyr Val

Leu Arg
965

Glu Thr
980

Ile Ile

Leu Gly

Pro Ile

Ile Thr

1045

Gln Val
1060

Gly Val

Gly Pro

Phe

Leu

Leu

Val

Tyr

950

Asp

Lys

Leu

Pro

Thr

1030

Ser

Val

Cys

Asp

Gln

Ile

Gln

935

Asn

Leu

Val

Gly

Ala

1015

Ala

Leu

Ser

Trp

Ile

Ala

Arg

920

Met

His

Ala

Ile

Leu

1000

Asp

Tyr

Thr

Thr

Gly

905

Ala

Val

Leu

Val

Thr

985

Pro

Ser

Ser

Gly

Lys

890

Ile

Cys

Phe

Thr

Ala

970

Trp

Val

Leu

Gln

Arg
1050

Thr Ala Thr

Thr
1080

Lys Gly Pro

1095

Leu Val Gly Trp

Ser Cys
1125

Ile Pro
1140

Arg Pro

Pro Ser

Gly Val

Thr Met

1205

Pro Gln
1220

Lys Ser

Leu Val

1110

Gly

Val

Ser

Arg

1065

Val

Ile

Tyr

Thr

Leu Leu

Thr Arg

Met Leu

Met Lys
940

Pro Leu
955

Val Glu

Gly Ala

Ser Ala

Glu Gly

1020

Gln Thr
1035

Asp Lys

Gln Ser

Leu

Val

Val

925

Leu

Arg

Pro

Asp

Arg

1005

Gln

Arg

Asn

Ala

Pro

910

Arg

Gly

Asp

Val

Thr

990

Arg

Gly

Gly

Gln

Ile Leu
895

Tyr Phe

Lys Val

Ala Leu

Trp Ala
960

Val Phe
975

Ala Ala

Gly Lys

Trp Arg

Val Leu

1040

Val Glu
1055

Phe Leu Ala Thr

1070

His Gly Ala Gly Ser Lys

Gln Met
1100

1085

Tyr Thr Asn Val

Gln Ala Pro Pro Gly Ala Arg Ser Met

Ser

1115

Asp Leu Tyr Leu Val

1130

Arg Arg Gly Asp Ser

Val Ser Tyr

Gly

Ala

1190

Arg

Thr

Thr

His

1175

Lys

Ser

Phe

Lys

Leu Asn

1255

Met Ser Lys Ala

1270

Thr Ile Thr Thr

1285

1160

Val

Ala

Pro

1145

Thr

1120

Arg His
1135

Arg Gly Ser Leu

Leu Lys Gly Ser Ser

Val Gly Val Phe

1180

Val Asp Phe Ile

1195

Val Phe Thr Asp

1210

Gln Val Ala His Leu

Val
1240

Pro

His

Gly

1225

Pro Ala Ala Tyr

Ser Val Ala Ala

1260

Gly Ile Asp Pro

1275

Gly Ser Ile Thr

1290

1165

Arg

Pro

Asn

His

Ala

1245

Thr

Asn

Tyr

1150

Gly

Ala

Val

Ser

Ala

1230

Ala

Leu

Ile

Ser

Gly Pro

Ala Val

Glu Ser

1200

Thr Pro
1215

Pro Thr

Gln Gly

Gly Phe

Arg Thr

1280

Thr Tyr
1295
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Gly Lys Phe Leu Ala Asp Gly Gly Cys Ser Gly Gly Ala Tyr Asp Ile

1300

1305

Ile Ile Cys Asp Glu Cys His Ser Thr Asp Ser

1315

Ile Gly Thr Val Leu Asp Gln

1330

Val Leu Ala Thr Ala
1345

Thr
1350

1335

Pro

Asn Ile Glu Glu Ile Gly Leu

1365

Gly Lys Ala Ile Pro
1380

Phe Cys His Ser Lys
1395

Gly Leu Gly Leu Asn
1410

Ile

Lys

Ala

Glu

Lys

Val
1415

Val Ile Pro Pro Ile Gly Asp

1425

Met Thr Gly Phe Thr
1445

Cys Val Thr Gln Thr
1460

Glu Thr Thr Thr Val
1475

Gly Arg Thr Gly Arg
1490

1430

Gly

Val

Pro

Gly

Asp

Asp

Gln

Arg
1495

Gly Glu Arg Pro Ser Gly Met

1505

Tyr Asp Ala Gly Cys
1525

Val Arg Leu Arg Ala
1540

Asp His Leu Glu Phe
1555

Asp Ala His Phe Leu
1570

1510

Ala

Tyr

Trp

Ser

Trp

Leu

Glu

Gln
1575

Tyr Leu Val Ala Tyr Gln Ala

1585

Pro Pro Ser Trp Asp
1605

Thr Leu His Gly Pro
1620

Asn Glu Val Ile Leu
1635

Met Ser Ala Asp Leu
1650

1590

Gln

Thr

Thr

Glu

Met

Pro

His

Val
1655

Gly Val Leu Ala Ala Leu Ala

1665

Val Ile Val Gly Arg
1685

Asp Arg Glu Val Leu
1700

Ser Gln Leu Pro Tyr

1670

Ile

Tyr

Ile

Ile

Gln

Glu

1320

Ala Glu Thr Ala

Pro Gly Ser Val
1355

Ser Asn Asn Gly
1370

Ala Ile Lys Gly
1385

Cys Asp Glu Leu
1400

Ala Tyr Tyr Arg
Val Val Val Val
1435

Phe Asp Ser Val
1450

Phe Ser Leu Asp
1465

Asp Ala Val Ser
1480

Ser Gly Ile Tyr
Phe Asp Ser Ser
1515

Tyr Glu Leu Thr
1530

Asn Thr Pro Gly
1545

Ser Val Phe Thr
1560

Thr Lys Gln Ala
Thr Val Cys Ala
1595

Trp Lys Cys Leu
1610

Leu Leu Tyr Arg
1625

Pro Ile Thr Lys
1640

Val Thr Ser Thr
Ala Tyr Cys Leu
1675

Leu Ser Gly Lys
1690

Glu Phe Asp Glu
1705

Gln Gly Met Gln

1310

Thr Thr Ile Leu Gly
1325

Gly Ala Arg Leu Val
1340

Thr Val Pro His Pro
1360

Glu Ile Pro Phe Tyr
1375

Gly Arg His Leu Ile
1390

Ala Ala Lys Leu Thr
1405

Gly Leu Asp Val Ser
1420

Ala Thr Asp Ala Leu
1440

Ile Asp Cys Asn Thr
1455

Pro Thr Phe Thr Ile
1470

Arg Ser Gln Arg Arg
1485

Arg Phe Val Thr Pro
1500

Val Leu Cys Glu Cys
1520

Pro Ala Glu Thr Ser
1535

Leu Pro Val Cys Gln
1550

Gly Leu Thr His Ile
1565

Gly Asp Asn Phe Pro
1580

Arg Ala Gln Ala Pro
1600

Ile Arg Leu Lys Pro
1615

Leu Gly Ala Val Gln
1630

Tyr Ile Met Ala Cys
1645

Trp Val Leu Val Gly
1660

Thr Thr Gly Ser Val
1680

Pro Ala Val Val Pro
1695

Met Glu Glu Cys Ala
1710

Leu Ala Glu Gln Phe
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1715

Lys Gln Lys Ala Leu
1730

Ala Ala Ala Pro Val
1745

Trp Ala Lys His Met
1765

Gly Leu Ser Thr Leu
1780

Phe Thr Ala Ser Ile
1795

Phe Asn Ile Leu Gly
1810

Ala Ala Ser Ala Phe
1825

Ser Ile Gly Leu Gly
1845

Ala Gly Val Ala Gly
1860

Val Pro Ser Thr Glu
1875

Pro Gly Ala Leu Val
1890

1720

1725

Gly Leu Leu Gln Thr Ala Thr Lys Gln Ala Glu

1735

1740

Val Glu Ser Lys Trp Arg Ala Leu Glu Thr Phe

1750

1755 1760

Trp Asn Phe Ile Ser Gly Ile Gln Tyr Leu Ala

1770

1775

Pro Gly Asn Pro Ala Ile Ala Ser Leu Met Ala

1785

1790

Thr Ser Pro Leu Thr Thr Gln Asn Thr Leu Leu

1800

1805

Gly Trp Val Ala Ala Gln Leu Ala Pro Pro Ser

1815

1820

Val Gly Ala Gly Ile Ala Gly Ala Ala Val Gly

1830

Lys Val Leu Val

Ala Leu Val Ala
1865

Asp Leu Val Asn
1880

Val Gly Val Val
1895

Asp
1850
Phe

Leu

Cys

1835 1840

Ile Leu Ala Gly Tyr Gly
1855

Lys Val Met Ser Gly Glu
1870

Leu Pro Ala Ile Leu Ser
1885

Ala Ala Ile Leu Arg Arg
1900

His Val Gly Pro Gly Glu Gly Ala Val Gln Trp Met Asn Arg Leu Ile

1905

Ala Phe Ala Ser Arg
1925

Glu Ser Asp Ala Ala
1940

Ile Thr Gln Leu Leu
1955

Ser Thr Pro Cys Ser
1970

Cys Thr Val Leu Thr
1985

Pro Arg Leu Pro Gly
2005

Gly Val Trp Arg Gly
2020

Ala Gln Ile Ala Gly
2035

Pro Arg Thr Cys Ser
2050

Tyr Thr Thr Gly Pro
2065

Ala Leu Trp Arg Val
2085

Gly Asp Phe His Tyr
2100

Pro Cys Gln Val Pro
2115

Arg Leu His Arg Tyr
2130

1910

1915 1920

Gly Asn His Val Ser Pro Thr His Tyr Val Pro

1930

1935

Ala Arg Val Thr Gln Ile Leu Ser Ser Leu Thr

1945

1950

Lys Arg Leu His Gln Trp Ile Asn Glu Asp Cys

1960

1965

Gly Ser Trp Leu Arg Asp Val Trp Asp Trp Ile

1975

1980

Asp Phe Lys Thr Trp Leu Gln Ser Lys Leu Leu

1990

1995 2000

Val Pro Phe Leu Ser Cys Gln Arg Gly Tyr Lys

2010

2015

Asp Gly Ile Met Gln Thr Thr Cys Pro Cys Gly

2025

2030

His Val Lys Asn Gly Ser Met Arg Ile Val Gly

2040

2045

Asn Thr Trp His Gly Thr Phe Pro Ile Asn Ala

2055

2060

Cys Thr Pro Ser Pro Ala Pro Asn Tyr Ser Arg

2070

2075 2080

Ala Ala Glu Glu Tyr Val Glu Val Thr Arg Val

Val Thr Gly Met
2105

Ala Pro Glu Phe
2120

Ala Pro Ala Cys
2135

2090

Thr

Phe

Lys

2095

Thr Asp Asn Val Lys Cys
2110

Thr Glu Val Asp Gly Val
2125

Pro Leu Leu Arg Glu Asp
2140
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Val Thr Phe Gln Val
2145

Pro Cys Glu Pro Glu
2165

Asp Pro Ser His Ile
2180

Gly Ser Pro Pro Ser
2195

Pro Ser Leu Lys Ala
2210

Asp Leu Ile Glu Ala
2225

Ile Thr Arg Val Glu
2245

Glu Pro Leu His Ala
2260

Glu Ile Leu Arg Lys
2275

Ala Arg Pro Asp Tyr
2290

Asp Tyr Val Pro Pro
2305

Ala Pro Pro Ile Pro
2325

Glu Ser Asn Val Ser
2340

Gly Ser Ser Gly Ser
2355

Pro Asp Leu Ala Ser
2370

Tyr Ser Ser Met Pro
2385

Ser Asp Gly Ser Trp
2405

Val Cys Cys Ser Met
2420

Cys Ala Ala Glu Glu
2435

Leu Leu Arg His His
2450

Ser Leu Arg Gln Lys
2465

Asp His Tyr Arg Asp
2485

Val Lys Ala Lys Leu
2500

Pro His Ser Ala Lys
2515

Asn Leu Ser Ser Arg
2530

Leu Leu Glu Asp Thr
2545

Gly Leu Asn Gln Tyr Leu Val Gly Ser Gln Leu

2150

2160

Pro Asp Val Thr Val Leu Thr Ser Met Leu Thr

2175

Thr Ala Glu Thr Ala Lys Arg Arg Leu Ala Arg

Leu Ala Ser
2200

Thr Cys Thr
2215

Asn Leu Leu
2230

Ser Glu Asn

2190

Ser Ser Ala Ser Gln Leu Ser Ala

2205

Thr His His Asp Ser Pro Asp Ala

2220

Trp Arg Gln Glu Met Gly Gly Asn

2240

Lys Val Val Ile Leu Asp Ser Phe

2255

Glu Gly Asp Glu Arg Glu Ile Ser Val Ala Ala

Ser Arg Lys
2280

Asn Pro Pro
2295

Val Val His
2310

Pro Pro Arg

Ser Ala Leu Ala Glu Leu

Ser Ala Val Asp Ser Gly

2360

2270

Phe Pro Ser Ala Leu Pro Ile Trp

2285

Leu Leu Glu Ser Trp Lys Asp Pro

2300

Leu Pro Pro Thr Lys
2320

Thr Val Val Leu Thr
2335

Ala Thr Lys Thr Phe
2350

Thr Ala Thr Ala Leu
2365

Asp Asp Gly Asp Lys Gly Ser Asp Val Glu Ser

2375

Pro Leu Glu Gly Glu Pro

2390

Ser Thr Val Ser Glu Glu

Ser Tyr Thr Trp Thr Gly

Ser Lys Leu Pro Ile Asn

2440

Asn Met Val
2455

Lys Val Thr
2470

Val Leu Lys

Leu Ser Ile Glu Glu Ala

Ser Lys Phe
2520

2380

Gly Asp Pro Asp Leu
2400

Ala Ser Glu Asp Val
2415

Ala Leu Ile Thr Pro
2430

Pro Leu Ser Asn Ser
2445

Tyr Ala Thr Thr Ser Arg Ser Ala

2460

Leu Gln Val Leu Asp
2480

Ala Lys Ala Ser Thr
2495

Cys Lys Leu Thr Pro
2510

Ala Lys Asp Val Arg
2525

Ala Val Asn His Ile Arg Ser Val Trp Glu Asp

2535

Glu Thr Pro
2550

2540

Ile Asp Thr Thr Ile Met Ala Lys

2560
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Ser Glu Val Phe Cys Val Gln Pro Glu Lys Gly Gly Arg Lys Pro Ala

2565

2570

2575

Arg Leu Ile Val Phe Pro Asp Leu Gly Val Arg Val Cys Glu Lys Met

2580

Ala Leu Tyr Asp Val Val Ser Thr

2595

Ser Tyr Gly Phe Gln Tyr
2610

Asn Thr Trp Lys Ser Lys
2625 2630

Arg Cys Phe Asp Ser Thr
2645

Ser Ile Tyr Gln Cys Cys
2660

Arg Ser Leu Thr Glu Arg
2675

Lys Gly Gln Asn Cys Gly
2690

Thr Thr Ser Cys Gly Asn
2705 2710

Ala Cys Arg Ala Ala Lys
2725

Asp Asp Leu Val Val Ile
2740

Ala Ala Leu Arg Ala Phe
2755

Pro Gly Asp Pro Pro Gln
2770

Cys Ser Ser Asn Val Ser
2785 2790

Tyr Tyr Leu Thr Arg Asp
2805

Glu Thr Ala Arg His Thr
2820

Met Tyr Ala Pro Thr Leu
2835

Phe Ser Ile Leu Leu Ala
2850

Gln Ile Tyr Gly Ala Cys
2865 2870

Ile Ile Glu Arg Leu His
2885

Ser Pro Gly Glu Ile Asn
2900

Val Pro Pro Leu Arg Thr
2915

Lys Leu Leu Ser Gln Gly
2930

Phe Asn Trp Ala Val Arg
2945 2950

Ala Ser Gln Leu Asp Leu
2965

Gly Asp Ile Tyr His Ser

Ser

2615

Lys

Val

Asp

Leu

Tyr

2695

Thr

Leu

Cys

Thr

Pro

2775

Val

Pro

Pro

Trp

Gln

2855

Tyr

Gly

Arg

Trp

Gly

2935

Thr

Ser

Leu

2600

Pro

Cys

Thr

Leu

Tyr

2680

Arg

Leu

Gln

Glu

Glu

2760

Glu

Ala

Thr

Ile

Ala

2840

Glu

Ser

Leu

Val

Arg

2920

Arg

Lys

Gly

Ser

2585
Leu Pro Gln Ala
Lys Gln Arg Val
2620

Pro Met Gly Phe
2635

Glu Ser Asp Ile
2650

Ala Pro Glu Ala
2665

Ile Gly Gly Pro
Arg Cys Arg Ala
2700

Thr Cys Tyr Leu
2715

Asp Cys Thr Met
2730

Ser Ala Gly Thr
2745

Ala Met Thr Arg
Tyr Asp Leu Glu
2780

His Asp Ala Ser
2795

Thr Pro Leu Ala
2810

Asn Ser Trp Leu
2825

Arg Met Ile Leu
Gln Leu Glu Lys
2860

Ile Glu Pro Leu
2875

Ser Ala Phe Thr
2890

Ala Ser Cys Leu
2905

His Arg Ala Arg
Ala Ala Thr Cys
2940

Leu Lys Leu Thr
2955

Trp Phe Val Ala
2970

Arg Ala Arg Pro

Val

2605

Glu

Ser

Arg

Arg

Leu

2685

Ser

Lys

Leu

Gln

Tyr

2765

Leu

Gly

Arg

Gly

Met

2845

Ala

Asp

Leu

Arg

Ser

2925

Gly

Pro

Gly

Arg

2590

Met Gly Ser

Phe Leu Val

Tyr Asp Thr

2640

Val Glu Glu
2655

Gln Ala Ile
2670

Thr Asn Ser

Gly Val Leu

Ala Thr Ala

2720

Val Asn Gly
2735

Glu Asp Ala
2750

Ser Ala Pro

Ile Thr Ser

Lys Arg Val

2800

Ala Ala Trp
2815

Asn Ile Ile
2830

Thr His Phe

Leu Asp Cys

Leu Pro Gln

2880

His Ser Tyr
2895

Lys Leu Gly
2910

Val Arg Ala

Arg Tyr Leu

Ile Pro Ala
2960

Tyr Ser Gly
2975

Trp Phe Pro
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2980

2985

2990

Leu Cys Leu Leu Leu Leu Ser Val Gly Val Gly Ile Tyr Leu Leu Pro

2995

Asn Arg
3010

<210> SEQ I
<211> LENGT.
<212> TYPE:

<213> ORGANISM: Hepatitis C virus

<400> SEQUE:

gccagecece

tcttecacgea

cceecectecee

gacgaccggg

gcgagactge

gtgcttgega

ctcaaagaaa

gtggtcagat

gegegactag

aggctegecyg

gcaatgaggg

ggggccccac

catgcggett

ctgccaggge

ggaacttgcee

tcccagette

gctccaacte

tgccctgtgt

cggccaggaa

ggacggctgc

tcteccaget

caatctatcc

cacctacaac

tggtggcggg

actgggctaa

c¢gacggggag

cgtctcagaa

taaattgcaa

tcaactegte

aggggtgggyg

ggcattacge

attgtttcac

D NO 4

H: 9595
DNA

NCE: 4
tgatgggggce
gaaagcgtet
gggagagcca
tectttettyg
tagccgagta
gtgcecccggg
aaccaaacgt
cgttggtgga
gaaggcttee
acccgaggge
cectggggtgg

ggaccccegyg

cgcecgatete

cttggcacac

cggttgetet

cgcttatgaa

aagcattgtg

tcaggagggt

tgccagegte

tttetgetee

gttcacctte

cggccatgta

agccctagtyg

ggcccactygg

ggttctgatt

ggtggcecgge

aatccagett

tgactcecte

nggthCCg

ccccatcace

gectegaccey

cccaagecect

3000

gacactccac

agccatggeg

tagtggtctyg

gatcaacccyg

gtgttgggtc

aggtctegta

aacaccaacc

gtttacctgt

gagcggtege

agggectggg

gcaggatggc

cgtaggtege

atggggtaca

ggtgtecggg

ttctctatcet

gtgcgcaacy

tatgaggcag

aacagctece

cccactacga

gctatgtacyg

tegectegee

tcaggtcacc

gtgtcgcagt

ggagtcctgg

gtggcgctac

cacaccacct

gtgaatacca

caaactgggt

gagcgecatgg

tatactaagc

tgtggtgtcg

gttgtggtgg

catgaatcac

ttagtatgag

cggaaccggt

ctcaatgect

gcgaaaggcece

gaccgtgcac

gecegeccaca

tgcecgegeag

aacctegtygyg

ctcagecegyg

tcctgteace

gtaacttggyg

ttcegetegt

ttctggagga

tcctettgge

tgtccgggat

cggacgtgat

gttgctgggt

caatacgacg

tgggggatct

ggcatgagac

gecatggetty

tgctceggat

cgggecttge

tctttgcegy

cegggtteac

acggcagetyg

tectttgeege

ccagetgeeyg

ctaacagcetce

tacccgegte

ggaccaccga

3005

tccectgtga

tgtcgtgeag

gagtacaccg

ggagatttgg

ttgtggtact

catgagcacyg

ggacgtcaag

gggccccagyg

aaggcgacaa

gtaccettgg

cegeggetee

taaggtcatc

cggegececae

cggegtgaac

tctgetgtec

ataccatgtce

catgcatact

agcgctcact

ccacgtcgac

ctgeggatet

agtgcaggac

ggatatgatg

cccacaaget

ctactattcce

cgttgacggg

gtccctttte

gcacatcaac

getgttttac

ccccattgac

ggatcagagg

gcaggtgtgt

tegttecggt

ggaactactg

cctecaggac

gaattgccag

gegtgeccce

gectgatagg

aatcctaaac

ttccegggey

ttgggtgtgc

cctatcccaa

ccectetatyg

cggectagtt

gataccctta

ctagggggcyg

tatgcaacag

tgtttgacca

acgaacgact

CCnggthg

cccacgeteg

ttgctegttyg

attttccteg

tgcaactget

atgaactggt

gtcegtggaca

atggtaggga

gagacccaca

tcatctgggy

aggactgece

gcacacaagt

tggttegece

ccttattget

ggtccagtgt

gtcectacgt

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920
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atagctgggg ggagaatgag acagacgtga tgctcctcaa caacacgegt ccgccacaag 1980
gcaactggtt cggctgtaca tggatgaata gtactgggtt cactaagacg tgcggaggtce 2040
ccecgtgtaa catcgggggg gteggtaacce gcaccttgat ctgccccacg gactgcttcece 2100
ggaagcaccce cgaggctact tacacaaaat gtggctcggg gccctggttg acacctaggt 2160
gcctagtaga ctacccatac aggcectttgge actacccctg cactctcaat ttttecatcet 2220
ttaaggttag gatgtatgtg gggggcgtgg agcacaggct caatgccgca tgcaattgga 2280
ctcgaggaga gcgctgtaac ttggaggaca gggataggtc agaactcagce ccgctgctgce 2340
tgtctacaac agagtggcag atactgccct gtgcectttcac caccctaccg getttatcca 2400
ctggtttgat ccatctccat cagaacatcg tggacgtgca atacctgtac ggtgtagggt 2460
cagcgtttgt ctcctttgca atcaaatggg agtacatcct gttgectttte cttetectgg 2520
cagacgcgceg cgtgtgtgece tgcttgtgga tgatgctget gatagcccag getgaggecg 2580
ccttagagaa cttggtggtce ctcaatgcgg cgtccgtgge cggagcgcat ggtattctcet 2640
cctttettgt gttcttcectge gecgectggt acattaaggg caggctgget cetggggegg 2700
cgtatgettt ttatggcgta tggccgectge tcectgctect actggegtta ccaccacgag 2760
cttacgectt ggaccgggag atggctgcat cgtgecggggg tgcggttctt gtaggtcetgg 2820
tattcttgac cttgtcacca tactacaaag tgtttctcac taggctcata tggtggttac 2880
aatactttat caccagagcc gaggcgcaca tgcaagtgtg ggtcccccece ctcaacgtte 2940
ggggaggccg cgatgccatce atcctectca cgtgtgeggt tcatccagag ttaatttttg 3000
acatcaccaa actcctgcte gecatactcg gccecgctcecat ggtgctccag getggcataa 3060
cgagagtgcce gtacttcgtg cgcgctcaag ggctcatteg tgcatgcatg ttagtgcgaa 3120
aagtcgecgg gggtcattat gtccaaatgg tcttcatgaa getgggcgeg ctgacaggta 3180
cgtacgttta taaccatctt accccactgce gggactgggce ccacgcgggce ctacgagacce 3240
ttgcggtgge ggtagagccce gtegtcettcet ccgeccatgga gaccaaggtce atcacctggg 3300
gagcagacac cgctgcgtgt ggggacatca tcttgggtet acccgtectcece gcccgaaggyg 3360
ggaaggagat atttttggga ccggctgata gtctcgaagg gcaagggtgg cgactccttg 3420
cgcccatcac ggcectactece caacaaacgce ggggcgtact tggttgcatce atcactagcece 3480
tcacaggcceg ggacaagaac caggtcgaag gggaggttca agtggtttet accgcaacac 3540
aatctttect ggcgacctge atcaacggcg tgtgctggac tgtctaccat ggcgetgget 3600
cgaagaccct agccggtcca aaaggtccaa tcacccaaat gtacaccaat gtagacctgg 3660
acctegtegg ctggcaggceg cccccegggg cgegetcecat gacaccatge agetgtggea 3720
gcteggacct ttacttggte acgagacatg ctgatgtcat tcecggtgege cggcgaggcyg 3780
acagcagggg aagtctactc tcecccccaggce ccgtctecta cctgaaaggce tectcegggtg 3840
gtccattget ttgeccctteg gggcacgtceg tgggegtctt ccgggctget gtgtgcaccce 3900
ggggggtcege gaaggcggtg gacttcatac ccgttgagte tatggaaact accatgeggt 3960
ctcecggtett cacagacaac tcaaccccce cggctgtacce gcagacattce caagtggcac 4020
atctgcacge tcctactgge agcggcaaga gcaccaaagt gecggcetgeg tatgcagcece 4080
aagggtacaa ggtgctcgte ctgaacccgt ccgttgecge caccttaggg tttggggegt 4140
atatgtccaa ggcacacggt atcgacccta acatcagaac tggggtaagg accattacca 4200
cgggcggctce cattacgtac tceccacctatg gcaagttect tgccgacggt ggctgttetg 4260
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ggggcgccta tgacatcata atatgtgatg agtgccactc aactgactcg actaccatct 4320
tgggcatcgg cacagtcecctg gaccaagegg agacggcetgg agegeggete gtcegtgetceg 4380
ccaccgctac acctecggga tcggttacceg tgecacacce caatatcgag gaaataggece 4440
tgtccaacaa tggagagatc cccttctatg gcaaagccat ccccattgag gcecatcaagg 4500
gggggaggca tctcatttte tgccattcca agaagaaatg tgacgagctc gccgcaaagce 4560
tgacaggcct cggactgaac gctgtagcat attaccgggg ccttgatgtg tecgtcatac 4620
cgectategg agacgtcecgtt gtegtggcaa cagacgctcect aatgacgggt ttcaccggeg 4680
attttgactc agtgatcgac tgcaatacat gtgtcaccca gacagtcgac ttcagcettgg 4740
atcccacctt caccattgag acgacgaccg tgccccaaga cgeggtgteg cgctegcaac 4800
ggcgaggtag aactggcagg ggtaggagtg gcatctacag gtttgtgact ccaggagaac 4860
ggcecteggyg catgttcgat tcetteggtece tgtgtgagtyg ctatgacgceg ggetgtgett 4920
ggtatgagct cacgcccgct gagacctegg ttaggttgeg ggcttaccta aatacaccag 4980
ggttgccegt ctgccaggac catctggagt tcectgggagag cgtcttcaca ggectcaccce 5040
acatagatgc ccacttcctg teccagacta aacaggcagg agacaacttt ccttacctgg 5100
tggcatatca agctacagtg tgcgccaggg ctcaagctcce acctceccatcg tgggaccaaa 5160
tgtggaagtg tctcatacgg ctgaaaccta cactgcacgg gccaacaccce ctgctgtata 5220
ggctaggagc cgtccaaaat gaggtcatcc tcacacaccc cataactaaa tacatcatgg 5280
catgcatgtc ggctgacctyg gaggtcgtca ctagcacctg ggtgctggta ggcggagtcce 5340
ttgcagettt ggccgcatac tgcctgacga caggcagtgt ggtcattgtg ggcaggatca 5400
tcttgtecgg gaagccaget gtegtteccg acagggaagt cctctaccag gagttcgatg 5460
agatggaaga gtgtgcctca caacttecctt acatcgagca gggaatgcag ctcgccgagce 5520
aattcaagca aaaggcgctc gggttgttge aaacggccac caagcaagceyg gaggetgcetg 5580
ctccegtggt ggagtccaag tggcgagcecce ttgagacctt ctgggcgaag cacatgtgga 5640
atttcatcag cggaatacag tacctagcag gcttatccac tctgcctgga aaccccgcga 5700
tagcatcatt gatggcattt acagcttcta tcactagccc gctcaccacce caaaacaccce 5760
tcetgtttaa catcttgggg ggatgggtgg ctgcccaact cgctecctceecce agegcetgegt 5820
cagctttegt gggcgccgge atcgceccggag cggctgttgg cagcatagge cttgggaagg 5880
tgctecgtgga catcttggeg ggctatgggg caggggtage cggcgcactce gtggecttta 5940
aggtcatgag cggcgaggtg ccctccaccg aggacctggt caacttacte cctgccatce 6000
tctetectgg tgcectggte gteggggtceg tgtgcgcage aatactgcegt cggcacgtgg 6060
gccecegggaga gggggctgtg cagtggatga accggctgat agegtteget tcecgeggggta 6120
accacgtctce ccctacgcac tatgtgectg agagcgacgce tgcagcacgt gtcactcaga 6180
tcetetetag cecttaccate actcaactge tgaagcggct ccaccagtgg attaatgagg 6240
actgctctac geccatgctee ggctcegtgge taagggatgt ttgggattgg atatgcacgg 6300
tgttgactga cttcaagacc tggctccagt ccaaactcect geccgeggtta ccgggagtcece 6360
ctttectgte atgccaacgce gggtacaagg gagtctggceg gggggacggce atcatgcaaa 6420
ccacctgece atgeggagca cagatcgecg gacatgtcaa aaacggttece atgaggatcg 6480
tagggcctag aacctgcagce aacacgtgge acggaacgtt ccccatcaac gcatacacca 6540
cgggaccttg cacaccctee cecggegecca actattcecag ggcgctatgg cgggtggetg 6600
ctgaggagta cgtggaggtt acgcgtgtgg gggatttcca ctacgtgacg ggcatgacca 6660
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ctgacaacgt aaagtgccca tgccaggttc cggecccecga attcttcacg gaggtggatg 6720
gagtgcggtt gcacaggtac gctceccggegt gcaaacctet tcectacgggag gacgtcacgt 6780
tccaggtegg gectcaaccaa tacttggtceg ggtegcaget cccatgcgag ccecgaaccgg 6840
acgtaacagt gcttacttcc atgctcaccg atcecctecca cattacagca gagacggcta 6900
agcgtaggcet ggctagaggg tcectcccccect ctttagecag ctcatcaget agccagttgt 6960
ctgcgectte tttgaaggcg acatgcacta cccaccatga ctccccggac getgacctca 7020
tcgaggccaa cctettgtgg cggcaggaga tgggcggaaa catcactcge gtggagtcag 7080
agaataaggt agtaattctg gactctttcg aaccgcttca cgcggagggg gatgagaggg 7140
agatatccgt cgcggcggag atcctgcgaa aatccaggaa gttccecctceca gegttgeccca 7200
tatgggcacg cccggactac aatcctccac tgctagagtc ctggaaggac ccggactacg 7260
tcecteeggt ggtacacgga tgcccattge cacctaccaa ggctcecctceca ataccaccte 7320
cacggagaaa gaggacggtt gtcctgacag aatccaatgt gtcttcectgee ttggcggagce 7380
tcgccactaa gaccttcecggt agctceccggat cgteggecegt tgatagcggce acggcgaccg 7440
ccettectga cectggectee gacgacggtg acaaaggatc cgacgttgag tegtactect 7500
ccatgccecccece ccecttgaaggg gagccecggggg acccecgatcect cagcgacggg tettggtceta 7560
ccgtgagtga ggaggctagt gaggatgtcg tctgctgcetce aatgtcecctat acgtggacag 7620
gegecctgat cacgecatge gcetgeggagg aaagtaaget geccatcaac cegttgagea 7680
actctttget gegtcaccac aacatggtct acgccacaac atcccgcagce gcaagcctcece 7740
ggcagaagaa ggtcaccttt gacagattgc aagtcctgga tgatcattac cgggacgtac 7800
tcaaggagat gaaggcgaag gcgtccacag ttaaggctaa gecttctatct atagaggagg 7860
cctgcaagcet gacgccccca cattcggcca aatccaaatt tggctatggg gcaaaggacg 7920
tcecggaacct atccagcagg gecgttaacce acatccgete cgtgtgggag gacttgetgg 7980
aagacactga aacaccaatt gacaccacca tcatggcaaa aagtgaggtt ttctgcgtcc 8040
aaccagagaa gggaggccgce aagccagctce gcecttategt attcccagac ctgggagtte 8100
gtgtatgcga gaagatggcce ctttacgacg tggtctccac ccttectcag gcegtgatgg 8160
gctectcata cggatttcaa tactccccca agcagegggt cgagttcecctg gtgaatacct 8220
ggaaatcaaa gaaatgccct atgggcttct catatgacac ccgetgtttt gactcaacgg 8280
tcactgagag tgacattcgt gttgaggagt caatttacca atgttgtgac ttggcccccg 8340
aggccagaca ggccataagg tcgctcacag agcggcttta catcgggggt cccctgacta 8400
actcaaaagg gcagaactgc ggttatcgcce ggtgccgege aagtggcgtg ctgacgacta 8460
gctgeggtaa taccctcaca tgttacttga aggccactgce agectgtcga gctgcaaagce 8520
tccaggactg cacgatgctce gtgaacggag acgaccttgt cgttatctgt gaaagcgegg 8580
gaacccagga ggatgcggcg gccctacgag ccttcacgga ggctatgact aggtattecg 8640
cceceeecgg ggateccgece caaccagaat acgacctgga gcectgataaca tcatgttect 8700
ccaatgtgtc agtcgcgcac gatgcatctg gcaaaagggt atactacctce acccgtgacce 8760
ccaccacccce ccttgcacgg getgegtggg agacagctag acacactcca atcaactcett 8820
ggctaggcaa tatcatcatg tatgcgccca ccctatgggce aaggatgatt ctgatgactce 8880
actttttecte catcctteta getcaagage aacttgaaaa agccctggat tgtcagatct 8940
acggggcttg ctactccatt gagccacttg acctacctca gatcattgaa cgactccatg 9000
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gtcttagege

gectcaggaa

gegetaaget

gggcagtaag

ctggetggtt

gacccegety

tcececaaccey

(o ol ol o o o o o o of

tttttcectt

atttacactc

acttggggta

actgtcccag

gaccaagcett

cgtegetggt

gttteegttyg

atgaacgggg

ttceeeeetet

ctttaatggt

cegtgagecyg catgactgea

<210> SEQ ID NO 5

<211> LENGTH: 3011
<212> TYPE:
<213> ORGANISM: Hepatitis C viru

PRT

<400> SEQUENCE: 5

Met

1

Arg

Gly

Thr

Ile

65

Tyr

Leu

Arg

Gly

Gly

145

Gly

Phe

Glu

Asn

Gly

225

Ala

Thr

cacagttact

ccaccettge

d99999ag99

aaactcactc

tacagcgggg

tgcctactee

agctaaccac

tcttttettet

ggctccatcet

gagagtgetg

Ser Thr Asn Pro Lys Pro Gln

Arg

Val

Arg

50

Pro

Pro

Leu

Arg

Phe

130

Gly

Val

Leu

Val

Ser

210

Cys

Leu

Ile

Pro

Tyr

35

Lys

Lys

Trp

Ser

Arg

115

Ala

Ala

Asn

Leu

Arg

195

Ser

Val

Thr

Arg

5

Gln Asp Val Lys Phe

20

Leu Leu Pro Arg Arg

40

Ala Ser Glu Arg Ser

55

Ala Arg Arg Pro Glu

70

Pro Leu Tyr Gly Asn

85

Pro Arg Gly Ser Arg

100

Ser Arg Asn Leu Gly

120

Asp Leu Met Gly Tyr

135

Ala Arg Ala Leu Ala
150

Tyr Ala Thr Gly Asn

165

Ala Leu Leu Ser Cys

180

Asn Val Ser Gly Ile

200

Ile Val Tyr Glu Ala

215

Pro Cys Val Gln Glu
230

Pro Thr Leu Ala Ala

245

Arg His Val Asp Leu

260

ctccaggtga
gaacctggag
cecgecacttyg
caatcccgge
gagacatata
tactttctgt
tccaggectt
tttctttect
tagccctagt

atactggect

S

Arg Lys Thr
10

Pro Gly Gly
25

Gly Pro Arg

Gln Pro Arg

Gly Arg Ala

75

Glu Gly Leu
90

Pro Ser Trp
105

Lys Val Ile

Ile Pro Leu

His Gly Val

155

Leu Pro Gly
170

Leu Thr Ile
185

Tyr His Val

Ala Asp Val

Gly Asn Ser
235

Arg Asn Ala
250

Leu Val Gly
265

gatcaatagg gtggcttcat
acatcgggce agaagtgtcc
tggcagatac ctctttaact
cgegteccag ctggacttgt
tcacagcctyg tetegtgece
aggggtaggce atttacctge
aagccattte ctgttttttt
ttcecttettt ttttecttte
cacggctage tgtgaaaggt

ctctgcagat catgt

Lys Arg Asn Thr Asn
15

Gly Gln Ile Val Gly
30

Leu Gly Val Arg Ala
45

Gly Arg Arg Gln Pro
60

Trp Ala Gln Pro Gly
80

Gly Trp Ala Gly Trp
95

Gly Pro Thr Asp Pro
110

Asp Thr Leu Thr Cys
125

Val Gly Ala Pro Leu
140

Arg Val Leu Glu Asp
160

Cys Ser Phe Ser Ile
175

Pro Ala Ser Ala Tyr
190

Thr Asn Asp Cys Ser
205

Ile Met His Thr Pro
220

Ser Arg Cys Trp Val
240

Ser Val Pro Thr Thr
255

Thr Ala Ala Phe Cys
270

9060

9120

9180

9240

9300

9360

9420

9480

9540

9595
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80

Ser

Gln

Asn

305

Asp

Leu

Trp

Ala

Thr

385

Ser

Asn

Leu

Ser

Phe

465

Asp

Val

Pro

Trp

Pro

545

Thr

Arg

Thr

Val

Ser

625

Asn

Arg

Gln

Leu

Ala

Leu

290

Cys

Met

Leu

Gly

Lys

370

His

Leu

Gly

Gln

Ser

450

Ala

Gln

Pro

Val

Gly

530

Gln

Lys

Thr

Tyr

Asp

610

Ile

Ala

Asp

Ile

Ile

Met

275

Phe

Ser

Met

Arg

Val

355

Val

Thr

Phe

Ser

Thr

435

Gly

Gln

Arg

Ala

Val

515

Glu

Gly

Thr

Leu

Thr

595

Tyr

Phe

Ala

Arg

Leu

675

His

Tyr

Thr

Ile

Met

Ile

340

Leu

Leu

Thr

Ser

Trp

420

Gly

Cys

Gly

Pro

Ser

500

Val

Asn

Asn

Cys

Ile

580

Lys

Pro

Lys

Cys

Ser

660

Pro

Leu

Val

Phe

Tyr

Asn

325

Pro

Ala

Ile

Gly

Ser

405

His

Phe

Pro

Trp

Tyr

485

Gln

Gly

Glu

Trp

Gly

565

Cys

Cys

Tyr

Val

Asn

645

Glu

Cys

His

Gly

Ser

Pro

310

Trp

Gln

Gly

Val

Arg

390

Gly

Ile

Phe

Glu

Gly

470

Cys

Val

Thr

Thr

Phe

550

Gly

Pro

Gly

Arg

Arg

630

Trp

Leu

Ala

Gln

Asp

Pro

295

Gly

Ser

Ala

Leu

Ala

375

Val

Ala

Asn

Ala

Arg

455

Pro

Trp

Cys

Thr

Asp

535

Gly

Pro

Thr

Ser

Leu

615

Met

Thr

Ser

Phe

Asn

Leu

280

Arg

His

Pro

Val

Ala

360

Leu

Ala

Ser

Arg

Ala

440

Met

Ile

His

Gly

Asp

520

Val

Cys

Pro

Asp

Gly

600

Trp

Tyr

Arg

Pro

Thr

680

Ile

Cys

Arg

Val

Thr

Val

345

Tyr

Leu

Gly

Gln

Thr

425

Leu

Ala

Thr

Tyr

Pro

505

Arg

Met

Thr

Cys

Cys

585

Pro

His

Val

Gly

Leu

665

Thr

Val

Gly

His

Ser

Thr

330

Asp

Tyr

Phe

His

Lys

410

Ala

Phe

Ser

Tyr

Ala

490

Val

Ser

Leu

Trp

Asn

570

Phe

Trp

Tyr

Gly

Glu

650

Leu

Leu

Asp

Ser

Glu

Gly

315

Ala

Met

Ser

Ala

Thr

395

Ile

Leu

Tyr

Cys

Thr

475

Pro

Tyr

Gly

Leu

Met

555

Ile

Arg

Leu

Pro

Gly

635

Arg

Leu

Pro

Val

Ile

Thr

300

His

Leu

Val

Met

Gly

380

Thr

Gln

Asn

Ala

Arg

460

Lys

Arg

Cys

Val

Asn

540

Asn

Gly

Lys

Thr

Cys

620

Val

Cys

Ser

Ala

Gln

Phe

285

Val

Arg

Val

Ala

Val

365

Val

Ser

Leu

Cys

His

445

Pro

Pro

Pro

Phe

Pro

525

Asn

Ser

Gly

His

Pro

605

Thr

Glu

Asn

Thr

Leu

685

Tyr

Leu

Gln

Met

Val

Gly

350

Gly

Asp

Gly

Val

Asn

430

Lys

Ile

Asn

Cys

Thr

510

Thr

Thr

Thr

Val

Pro

590

Arg

Leu

His

Leu

Thr

670

Ser

Leu

Val

Asp

Ala

Ser

335

Ala

Asn

Gly

Phe

Asn

415

Asp

Phe

Asp

Ser

Gly

495

Pro

Tyr

Arg

Gly

Gly

575

Glu

Cys

Asn

Arg

Glu

655

Glu

Thr

Tyr

Ser

Cys

Trp

320

Gln

His

Trp

Glu

Thr

400

Thr

Ser

Asn

Trp

Ser

480

Val

Ser

Ser

Pro

Phe

560

Asn

Ala

Leu

Phe

Leu

640

Asp

Trp

Gly

Gly
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690

Val Gly Ser Ala Phe
705

Leu Leu Phe Leu Leu
725

Met Met Leu Leu Ile
740

Val Leu Asn Ala Ala
755

Leu Val Phe Phe Cys
770

Gly Ala Ala Tyr Ala
785

Leu Ala Leu Pro Pro
805

Ser Cys Gly Gly Val
820

Pro Tyr Tyr Lys Arg
835

Phe Leu Thr Arg Val
850

Asn Val Arg Gly Gly
865

His Pro Thr Leu Val
885

Gly Pro Leu Trp Ile
900

Val Arg Val Gln Gly
915

Ala Gly Gly His Tyr
930

Thr Gly Thr Tyr Val
945

His Asn Gly Leu Arg
965

Ser Arg Met Glu Thr
980

Cys Gly Asp Ile Ile
995

Glu Ile Leu Leu Gly
1010

Leu Leu Ala Pro Ile
1025

Gly Cys Ile Ile Thr
1045

Gly Glu Val Gln Ile
1060

Cys Ile Asn Gly Val
1075

Thr Ile Ala Ser Pro
1090

Val

710

Leu

Ala

Ser

Ala

Phe

790

Arg

Val

Tyr

Glu

Arg

870

Phe

Leu

Leu

Val

Tyr

950

Asp

Lys

Asn

Pro

Thr

1030

Ser

Val

Cys

695

Ser

Ala

Gln

Val

Ala

775

Tyr

Ala

Leu

Ile

Ala

855

Asp

Asp

Gln

Leu

Gln

935

Asn

Leu

Leu

Gly

Ala

1015

Ala

Leu

Ser

Trp

Phe

Asp

Ala

Ala

760

Trp

Gly

Tyr

Val

Ser

840

Gln

Ala

Ile

Ala

Arg

920

Met

His

Ala

Ile

Leu

1000

Asp

Tyr

Thr

Ala Ile

Ala Arg
730

Glu Ala
745

Gly Ala

Tyr Ile

Val Trp

Ala Leu
810

Gly Leu
825

Trp Cys

Leu His

Val Ile

Thr Lys

890

Ser Leu
905

Ile Cys

Ala Ile

Leu Thr

Val Ala

970

Thr Trp

985

Pro Val

Gly Met

Ala Gln

Gly Arg
1050

Lys

715

Val

Ala

His

Lys

Pro

795

Asp

Met

Met

Val

Leu

875

Leu

Leu

Ala

Ile

Pro

955

Val

Gly

Ser

Val

Gln

1035

Asp

Thr Ala Thr Gln

Thr
1080

Lys Gly Pro

1095

Asp Gln Asp Leu Val Gly Trp Pro

1105

1110

1065

Val Tyr

His

700

Trp

Cys

Leu

Gly

Gly

780

Leu

Thr

Ala

Trp

Trp

860

Leu

Leu

Lys

Leu

Lys

940

Leu

Glu

Ala

Ala

Ser

1020

Thr

Lys

Thr

Gly

Glu

Ala

Glu

Ile

765

Arg

Leu

Glu

Leu

Trp

845

Val

Met

Leu

Val

Ala

925

Leu

Arg

Pro

Asp

Arg

1005

Lys

Arg

Asn

Tyr

Cys

Asn

750

Leu

Leu

Leu

Val

Thr

830

Leu

Pro

Cys

Ala

Pro

910

Arg

Gly

Asp

Val

Thr

990

Arg

Gly

Gly

Gln

Ile Leu
720

Leu Trp
735

Leu Val

Ser Phe

Ala Pro

Leu Leu

800

Ala Ala
815

Leu Ser

Gln Tyr

Pro Leu

Val Val

880

Ile Phe
895

Tyr Phe

Lys Ile

Ala Leu

Trp Ala
960

Val Phe
975

Ala Ala

Gly Gln

Trp Arg

Leu Leu

1040

Val Glu
1055

Phe Leu Ala Thr

Ala
1085

Val Ile Gln Met Tyr

1100

Ala Pro Gln Gly Ser

1115

1070

Gly

Thr

Arg

Thr Arg

Asn Val

Ser Leu
1120
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Thr Pro Cys Thr Cys
1125

Ala Asp Val Ile Pro
1140

Leu Ser Pro Arg Pro
1155

Leu Leu Cys Pro Ala
1170

Cys Thr Arg Gly Val
1185

Leu Gly Thr Thr Met
1205

Pro Ala Val Pro Gln
1220

Gly Ser Gly Lys Ser
1235

Tyr Lys Val Leu Val
1250

Gly Ala Tyr Met Ser
1265

Gly Val Arg Thr Ile
1285

Gly Lys Phe Leu Ala
1300

Ile Ile Cys Asp Glu
1315

Ile Gly Thr Val Leu
1330

Val Leu Ala Thr Ala
1345

Asn Ile Glu Glu Val
1365

Gly Lys Ala Ile Pro
1380

Phe Cys His Ser Lys
1395

Ala Leu Gly Ile Asn
1410

Val Ile Pro Thr Ser
1425

Met Thr Gly Phe Thr
1445

Cys Val Thr Gln Thr
1460

Glu Thr Thr Thr Leu
1475

Gly Arg Thr Gly Arg
1490

Gly Ser Ser Asp Leu Tyr Leu Val Thr Arg His

1130

1135

Val Arg Arg Arg Gly Asp Ser Arg Gly Ser Leu

Ile Ser Tyr

Gly

Ala

1190

Arg

Ser

Thr

Leu

Lys

1270

Thr

Asp

Cys

Asp

Thr

1350

Ala

Leu

Lys

Ala

Gly

1430

Gly

Val

Pro

Gly

His

1175

Lys

Ser

Phe

Lys

Asn

1255

Ala

Thr

Gly

His

Gln

1335

Pro

Leu

Glu

Lys

Val

1415

Asp

Asp

Asp

Gln

Lys
1495

Gly Glu Arg Pro Ser Gly Met

1505

1510

Tyr Asp Ala Gly Cys Ala Trp

1525

1160

Ala

Ala

Pro

Gln

Val

1240

Pro

His

Gly

Gly

Ser

1320

Ala

Pro

Ser

Val

Cys

1400

Ala

Val

Phe

Phe

Asp

1480

Pro

Phe

Tyr

1145

Leu Lys Gly Ser Ser
1165

Val Gly Leu Phe Arg
1180

Val Asp Phe Ile Pro
1195

Val Phe Thr Asp Asn
1210

Val Ala His Leu His
1225

Pro Ala Ala Tyr Ala
1245

Ser Val Ala Ala Thr
1260

Gly Val Asp Pro Asn
1275

Ser Pro Ile Thr Tyr
1290

Cys Ser Gly Gly Ala
1305

Thr Asp Ala Thr Ser
1325

Glu Thr Ala Gly Ala
1340

Gly Ser Val Thr Val
1355

Thr Thr Gly Glu Ile
1370

Ile Lys Gly Gly Arg
1385

Asp Glu Leu Ala Ala
1405

Tyr Tyr Arg Gly Leu
1420

Val Val Val Ser Thr
1435

Asp Ser Val Ile Asp
1450

Ser Leu Asp Pro Thr
1465

Ala Val Ser Arg Thr
1485

Gly Ile Tyr Arg Phe
1500

Asp Ser Ser Val Leu
1515

Glu Leu Thr Pro Ala
1530

1150

Gly Gly Pro

Ala Ala Val

Val Glu Asn

1200

Ser Ser Pro
1215

Ala Pro Thr
1230

Ala Gln Gly

Leu Gly Phe

Ile Arg Thr

1280

Ser Thr Tyr
1295

Tyr Asp Ile
1310

Ile Leu Gly

Arg Leu Val

Ser His Pro

1360

Pro Phe Tyr
1375

His Leu Ile
1390

Lys Leu Val

Asp Val Ser

Asp Ala Leu

1440

Cys Asn Thr
1455

Phe Thr Ile
1470

Gln Arg Arg

Val Ala Pro

Cys Glu Cys
1520

Glu Thr Thr
1535
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Val Arg Leu Arg Ala Tyr Met Asn Thr Pro Gly Leu Pro Val Cys Gln
1540 1545 1550

Asp His Leu Glu Phe Trp Glu Gly Val Phe Thr Gly Leu Thr His Ile
1555 1560 1565

Asp Ala His Phe Leu Ser Gln Thr Lys Gln Ser Gly Glu Asn Phe Pro
1570 1575 1580

Tyr Leu Val Ala Tyr Gln Ala Thr Val Cys Ala Arg Ala Gln Ala Pro
1585 1590 1595 1600

Pro Pro Ser Trp Asp Gln Met Trp Lys Cys Leu Ile Arg Leu Lys Pro
1605 1610 1615

Thr Leu His Gly Pro Thr Pro Leu Leu Tyr Arg Leu Gly Ala Val Gln
1620 1625 1630

Asn Glu Val Thr Leu Thr His Pro Ile Thr Lys Tyr Ile Met Thr Cys
1635 1640 1645

Met Ser Ala Asp Leu Glu Val Val Thr Ser Thr Trp Val Leu Val Gly
1650 1655 1660

Gly Val Leu Ala Ala Leu Ala Ala Tyr Cys Leu Ser Thr Gly Cys Val
1665 1670 1675 1680

Val Ile Val Gly Arg Ile Val Leu Ser Gly Lys Pro Ala Ile Ile Pro
1685 1690 1695

Asp Arg Glu Val Leu Tyr Gln Glu Phe Asp Glu Met Glu Glu Cys Ser
1700 1705 1710

Gln His Leu Pro Tyr Ile Glu Gln Gly Met Met Leu Ala Glu Gln Phe
1715 1720 1725

Lys Gln Lys Ala Leu Gly Leu Leu Gln Thr Ala Ser Arg His Ala Glu
1730 1735 1740

Val Ile Thr Pro Ala Val Gln Thr Asn Trp Gln Lys Leu Glu Val Phe
1745 1750 1755 1760

Trp Ala Lys His Met Trp Asn Phe Ile Ser Gly Ile Gln Tyr Leu Ala
1765 1770 1775

Gly Leu Ser Thr Leu Pro Gly Asn Pro Ala Ile Ala Ser Leu Met Ala
1780 1785 1790

Phe Thr Ala Ala Val Thr Ser Pro Leu Thr Thr Gly Gln Thr Leu Leu
1795 1800 1805

Phe Asn Ile Leu Gly Gly Trp Val Ala Ala Gln Leu Ala Ala Pro Gly
1810 1815 1820

Ala Ala Thr Ala Phe Val Gly Ala Gly Leu Ala Gly Ala Ala Ile Gly
1825 1830 1835 1840

Ser Val Gly Leu Gly Lys Val Leu Val Asp Ile Leu Ala Gly Tyr Gly
1845 1850 1855

Ala Gly Val Ala Gly Ala Leu Val Ala Phe Lys Ile Met Ser Gly Glu
1860 1865 1870

Val Pro Ser Thr Glu Asp Leu Val Asn Leu Leu Pro Ala Ile Leu Ser
1875 1880 1885

Pro Gly Ala Leu Val Val Gly Val Val Cys Ala Ala Ile Leu Arg Arg
1890 1895 1900

His Val Gly Pro Gly Glu Gly Ala Val Gln Trp Met Asn Arg Leu Ile
1905 1910 1915 1920

Ala Phe Ala Ser Arg Gly Asn His Val Ser Pro Thr His Tyr Val Pro
1925 1930 1935

Glu Ser Asp Ala Ala Ala Arg Val Thr Ala Ile Leu Ser Ser Leu Thr
1940 1945 1950

Val Thr Gln Leu Leu Arg Arg Leu His Gln Trp Ile Ser Ser Glu Cys
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1955 1960 1965

Thr Thr Pro Cys Ser Gly Ser Trp Leu Arg Asp Ile Trp Asp Trp Ile
1970 1975 1980

Cys Glu Val Leu Ser Asp Phe Lys Thr Trp Leu Lys Ala Lys Leu Met
1985 1990 1995 2000

Pro Gln Leu Pro Gly Ile Pro Phe Val Ser Cys Gln Arg Gly Tyr Arg
2005 2010 2015

Gly Val Trp Arg Gly Asp Gly Ile Met His Thr Arg Cys His Cys Gly
2020 2025 2030

Ala Glu Ile Thr Gly His Val Lys Asn Gly Thr Met Arg Ile Val Gly
2035 2040 2045

Pro Arg Thr Cys Arg Asn Met Trp Ser Gly Thr Phe Pro Ile Asn Ala
2050 2055 2060

Tyr Thr Thr Gly Pro Cys Thr Pro Leu Pro Ala Pro Asn Tyr Lys Phe
2065 2070 2075 2080

Ala Leu Trp Arg Val Ser Ala Glu Glu Tyr Val Glu Ile Arg Arg Val
2085 2090 2095

Gly Asp Phe His Tyr Val Ser Gly Met Thr Thr Asp Asn Leu Lys Cys
2100 2105 2110

Pro Cys Gln Ile Pro Ser Pro Glu Phe Phe Thr Glu Leu Asp Gly Val
2115 2120 2125

Arg Leu His Arg Phe Ala Pro Pro Cys Lys Pro Leu Leu Arg Glu Glu
2130 2135 2140

Val Ser Phe Arg Val Gly Leu His Glu Tyr Pro Val Gly Ser Gln Leu
2145 2150 2155 2160

Pro Cys Glu Pro Glu Pro Asp Val Ala Val Leu Thr Ser Met Leu Thr
2165 2170 2175

Asp Pro Ser His Ile Thr Ala Glu Ala Ala Gly Arg Arg Leu Ala Arg
2180 2185 2190

Gly Ser Pro Pro Ser Met Ala Ser Ser Ser Ala Ser Gln Leu Ser Ala
2195 2200 2205

Pro Ser Leu Lys Ala Thr Cys Thr Ala Asn His Asp Ser Pro Asp Ala
2210 2215 2220

Glu Leu Ile Glu Ala Asn Leu Leu Trp Arg Gln Glu Met Gly Gly Asn
2225 2230 2235 2240

Ile Thr Arg Val Glu Ser Glu Asn Lys Val Val Ile Leu Asp Ser Phe
2245 2250 2255

Asp Pro Leu Val Ala Glu Glu Asp Glu Arg Glu Val Ser Val Pro Ala
2260 2265 2270

Glu Ile Leu Arg Lys Ser Arg Arg Phe Ala Arg Ala Leu Pro Val Trp
2275 2280 2285

Ala Arg Pro Asp Tyr Asn Pro Pro Leu Val Glu Thr Trp Lys Lys Pro
2290 2295 2300

Asp Tyr Glu Pro Pro Val Val His Gly Cys Pro Leu Pro Pro Pro Arg
2305 2310 2315 2320

Ser Pro Pro Val Pro Pro Pro Arg Lys Lys Arg Thr Val Val Leu Thr
2325 2330 2335

Glu Ser Thr Leu Ser Thr Ala Leu Ala Glu Leu Ala Thr Lys Ser Phe
2340 2345 2350

Gly Ser Ser Ser Thr Ser Gly Ile Thr Gly Asp Asn Thr Thr Thr Ser
2355 2360 2365

Ser Glu Pro Ala Pro Ser Gly Cys Pro Pro Asp Ser Asp Val Glu Ser
2370 2375 2380
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Tyr Ser Ser Met Pro
2385

Ser Asp Gly Ser Trp
2405

Val Val Cys Cys Ser
2420

Pro Cys Ala Ala Glu
2435

Ser Leu Leu Arg His
2450

Ala Cys Gln Arg Gln
2465

Asp Ser His Tyr Gln
2485

Lys Val Lys Ala Asn
2500

Pro Pro His Ser Ala
2515

Arg Cys His Ala Arg
2530

Asp Leu Leu Glu Asp
2545

Lys Asn Glu Val Phe
2565

Ala Arg Leu Ile Val
2580

Met Ala Leu Tyr Asp
2595

Ser Ser Tyr Gly Phe
2610

Val Gln Ala Trp Lys
2625

Thr Arg Cys Phe Asp
2645

Glu Ala Ile Tyr Gln
2660

Ile Lys Ser Leu Thr
2675

Ser Arg Gly Glu Asn
2690

Leu Thr Thr Ser Cys
2705

Ala Ala Cys Arg Ala
2725

Gly Asp Asp Leu Val
2740

Ala Ala Ser Leu Arg
2755

Pro Pro Gly Asp Pro
2770

Ser Cys Ser Ser Asn
2785

Pro Leu Glu Gly Glu Pro Gly Asp Pro Asp Leu

2390

2400

Ser Thr Val Ser Ser Gly Ala Asp Thr Glu Asp

2415

Met Ser Tyr Ser Trp Thr Gly Ala Leu Val Thr

Glu Gln Lys
2440

His Asn Leu
2455

Lys Lys Val
2470

Asp Val Leu

2430

Leu Pro Ile Asn Ala Leu Ser Asn

2445

Val Tyr Ser Thr Thr Ser Arg Ser

2460

Arg Leu Gln Val Leu
2480

Lys Ala Ala Ala Ser
2495

Leu Leu Ser Val Glu Glu Ala Cys Ser Leu Thr

Lys Ser Lys
2520

Lys Ala Val
2535

Ser Val Thr
2550

Cys Val Gln

Phe Pro Asp Leu Gly Val

Val Val Ser Lys Leu Pro

2600

2510

Gly Ala Lys Asp Val
2525

Ala His Ile Asn Ser Val Trp Lys

2540

Thr Thr Ile Met Ala
2560

Gly Gly Arg Lys Pro
2575

Arg Val Cys Glu Lys
2590

Leu Ala Val Met Gly
2605

Gln Tyr Ser Pro Gly Gln Arg Val Glu Phe Leu

2615

Ser Lys Lys
2630

Ser Thr Val

2620

Thr Pro Met Gly Phe Ser Tyr Asp

2640

Thr Glu Ser Asp Ile Arg Thr Glu

2655

Cys Cys Asp Leu Asp Pro Gln Ala Arg Val Ala

Glu Arg Leu
2680

Cys Gly Tyr
2695

Gly Asn Thr
2710

Ala Gly Leu

2670

Tyr Val Gly Gly Pro Leu Thr Asn

2685

Arg Arg Cys Arg Ala Ser Gly Val

2700

Tyr Ile Lys Ala Arg
2720

Thr Met Leu Val Cys
2735

Val Ile Cys Glu Ser Ala Gly Val Gln Glu Asp

Ala Phe Thr
2760

2750

Thr Arg Tyr Ser Ala
2765

Pro Gln Pro Glu Tyr Asp Leu Glu Leu Ile Thr

2775

Val Ser Val
2790

2780

His Asp Gly Ala Gly Lys Arg

2800
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Val Tyr Tyr

Trp Glu Thr

Ile Met Phe

2835

Phe Phe Ser
2850

Cys Glu Ile
2865

Pro Ile Ile

Tyr Ser Pro

Gly Val Pro

2915

Ala Arg Leu
2930

Leu Phe Asn
2945

Ala Ala Gly

Gly Gly Asp

Trp Phe Cys

2995

Pro Asn Arg
3010

<210> SEQ I
<211> LENGT.
<212> TYPE:

Leu Thr Arg Asp Pro Thr Thr

2805

2810

Ala Arg His Thr Pro Val Asn Ser

2820

Ala Pro Thr Leu Trp

28

2840

25

Ala Arg Met

Val Leu Ile Ala Arg Asp Gln Leu

2855

Pro Leu Ala Arg Ala Ala

2815

Trp Leu Gly Asn Ile

2830

Ile Leu Met
2845

Glu Gln Ala
2860

Tyr Gly Ala Cys Tyr Ser Ile Glu Pro Leu Asp
2870

Gln Arg Leu His Gly L

2885

2875

eu Ser Ala
2890

Gly Glu Ile Asn Arg Val Ala Ala

2900

Pro Leu Arg

Leu Ser Arg Gly

29

2920

2935

Trp Ala Val Arg Thr L
2950

05

Ala Trp Arg His Arg

ys Leu Lys
2955

Arg Leu Asp Leu Ser Gly Trp Phe

2965

Ile Tyr His Ser Val S

2980

Leu Leu Leu

D NO 6
H: 9599
DNA

29

3000

<213> ORGANISM: Hepatitis C virus

<400> SEQUENCE: 6

gccagecece

tcttecacgea

cceecectecee

gacgaccggg

gcgagactge

gtgcttgega

ctcaaagaaa

gtggtcagat

gegegactag

aggctegecyg

gcaatgaggg

ggggccccac

catgcggett

ctgccaggge

ggaacttgcee

tgatgggggce

gaaagcgtet

gggagagcca

teotttetty

tagccgagta

gthCCngg

aaccaaacgt

cgttggtgga

gaaggcttee

acccgaggge

cectggggtgg

ggaccccegyg

cgcecgatete

cttggcacac

cggttgetet

gacactccac

agccatggeg

tagtggtctyg

gatcaacccyg

gtgttgggtc

aggtctegta

aacaccaacc

gtttacctgt

gagcggtege

agggectggg

gcaggatggc

cgtaggtege

atggggtaca

ggtgtecggg

ttctctatcet

2970

er His Ala
85

Leu Ala Ala Gly Val

catgaatcac

ttagtatgag

cggaaccggt

ctcaatgect

gcgaaaggcece

gaccgtgcac

gecegeccaca

tgcecgegeag

aacctegtygyg

ctcagecegyg

tcctgteace

gtaacttggyg

ttcegetegt

ttctggagga

tcctettgge

Phe Ser Leu
Cys Leu Arg
2910

Ala Arg Ser
2925

Gly Arg Ala Ala Ile Cys Gly

2940

Leu Thr Pro

Thr Ala Gly

Arg Pro Arg

2990

Gly Ile Tyr
3005

tccectgtga
tgtcgtgeag
gagtacaccg
ggagatttgg
ttgtggtact
catgagcacyg
ggacgtcaag
gggecccagg
aaggcgacaa
gtaccettgg
cegeggetee
taaggtcatc
cggegececae
cggegtgaac

tctgetgtec

Thr His

Leu Asn

Leu Pro

2880

His Ser
2895

Lys Leu

Val Arg

Lys Tyr

Ile Ala

2960

Tyr Ser
2975

Trp Phe

Leu Leu

ggaactactg
cctecaggac
gaattgccag
gegtgeccce
gectgatagg
aatcctaaac
ttccegggey
ttgggtgtge
cctatceccaa
ccectetatyg
cggectagtt
gataccctta
ctagggggcyg
tatgcaacag

tgtttgacca

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900
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tcccagette cgcttatgaa gtgcgcaacg tgtccgggat ataccatgtce acgaacgact 960
gctccaacte aagcattgtg tatgaggcag cggacgtgat catgcatact cccgggtgeg 1020
tgccectgtgt tcaggagggt aacagctcce gttgectgggt agcecgctcact cccacgectceg 1080
cggccaggaa tgccagcgte cccactacga caatacgacg ccacgtcgac ttgctegttg 1140
ggacggctge tttetgectcee gctatgtacg tgggggatct ctgcggatct attttecteg 1200
tctececcaget gttcacctte tegectegee ggcatgagac agtgcaggac tgcaactgcet 1260
caatctatcc cggccatgta tcaggtcacc gcatggettg ggatatgatg atgaactggt 1320
cacctacaac agccctagtg gtgtcecgcagt tgctccggat cccacaaget gtecgtggaca 1380
tggtggceggg ggcccactgg ggagtectgg cgggcecttge ctactattce atggtaggga 1440
actgggctaa ggttctgatt gtggcgctac tctttgecgg cgttgacggg gagacccaca 1500
cgacggggag ggtggccgge cacaccacct ccgggttcac gtccectttte tcatcectgggg 1560
cgtctcagaa aatccagett gtgaatacca acggcagcetg gcacatcaac aggactgccce 1620
taaattgcaa tgactcccte caaactgggt tctttgcege getgttttac gcacacaagt 1680
tcaactcgte cgggtgceceg gagcgcatgg ccagctgecg cceccattgac tggttcegece 1740
aggggtgggg ccccatcacc tatactaagce ctaacagctc ggatcagagg ccttattget 1800
ggcattacgc gcctcecgaccg tgtggtgteg tacccgcegte gcaggtgtgt ggtccagtgt 1860
attgtttcac cccaagcecct gttgtggtgg ggaccaccga tcgttccggt gteccctacgt 1920
atagctgggg ggagaatgag acagacgtga tgctcctcaa caacacgegt ccgccacaag 1980
gcaactggtt cggctgtaca tggatgaata gtactgggtt cactaagacg tgcggaggtce 2040
ccecgtgtaa catcgggggg gteggtaacce gcaccttgat ctgccccacg gactgcttcece 2100
ggaagcaccce cgaggctact tacacaaaat gtggctcggg gccctggttg acacctaggt 2160
gcctagtaga ctacccatac aggcectttgge actacccctg cactctcaat ttttecatcet 2220
ttaaggttag gatgtatgtg gggggcgtgg agcacaggct caatgccgca tgcaattgga 2280
ctcgaggaga gcgctgtaac ttggaggaca gggataggtc agaactcagce ccgctgctgce 2340
tgtctacaac agagtggcag atactgccct gtgcectttcac caccctaccg getttatcca 2400
ctggtttgat ccatctccat cagaacatcg tggacgtgca atacctgtac ggtgtagggt 2460
cagcgtttgt ctcctttgca atcaaatggg agtacatcct gttgectttte cttetectgg 2520
cagacgcgceg cgtgtgtgece tgcttgtgga tgatgctget gatagcccag getgaggecg 2580
ccttagagaa cttggtggtce ctcaatgcgg cgtccgtgge cggagcgcat ggtattctcet 2640
cctttettgt gttcttcectge gecgectggt acattaaggg caggctgget cetggggegg 2700
cgtatgettt ttatggcgta tggccgectge tcectgctect actggegtta ccaccacgag 2760
catatgcact ggacacggag gtggccgcgt cgtgtggegg cgttgttctt gtecgggttaa 2820
tggcgctgac tctgtcgeca tattacaage gctatatcag ctggtgcatg tggtggctte 2880
agtattttct gaccagagta gaagcgcaac tgcacgtgtg ggttccccece ctcaacgtcece 2940
ggggggggcyg cgatgccgte atcttactca tgtgtgtagt acacccgacc ctggtatttg 3000
acatcaccaa actactcctg gceccatcttceg gacccecctttg gattcttcaa gecagtttge 3060
ttaaagtccce ctacttcecgtg cgcgttcaag gceccttcectecg gatctgegeg ctagcecgegga 3120
agatagccgg aggtcattac gtgcaaatgg ccatcatcaa gttaggggcg cttactggca 3180
cctatgtgta taaccatctc acccctette gagactgggce gcacaacggce ctgcgagatce 3240
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tggcecgtgge tgtggaacca gtecgtcettcet cccgaatgga gaccaagctce atcacgtggg 3300
gggcagatac cgccgcgtge ggtgacatca tcaacggctt geccgtectcet gceccegtaggyg 3360
gccaggagat actgcettggg ccagccgacg gaatggtcte caaggggtgg aggttgetgg 3420
cgceccatcac ggcgtacgcece cagcagacga gaggcctect agggtgtata atcaccagece 3480
tgactggcecg ggacaaaaac caagtggagg gtgaggtcca gatcgtgtca actgctacce 3540
aaaccttecct ggcaacgtgce atcaatgggg tatgctggac tgtctaccac ggggccggaa 3600
cgaggaccat cgcatcaccc aagggtcctg tcatccagat gtataccaat gtggaccaag 3660
accttgtggg ctggcccget cctcaaggtt ccecgctcatt gacaccctgt acctgceggcet 3720
cctecggacct ttacctggte acgaggcacg ccgatgtcat tecccegtgcge cggcgaggtg 3780
atagcagggg tagcctgcett tegcccecgge ccatttecta cttgaaaggce tectcecggggg 3840
gtcegetgtt gtgeccegeg ggacacgecg tgggcctatt cagggccgceg gtgtgcaccce 3900
gtggagtggc taaagcggtg gactttatcc ctgtggagaa cctagggaca accatgagat 3960
cceecggtgtt cacggacaac tectctecac cagcagtgece ccagagctte caggtggecce 4020
acctgcatge tcccaccgge agcggtaaga gcaccaaggt cceeggetgeg tacgcagcece 4080
agggctacaa ggtgttggtg ctcaacccct ctgttgectge aacgctggge tttggtgett 4140
acatgtccaa ggcccatggg gttgatccta atatcaggac cggggtgaga acaattacca 4200
ctggcagccce catcacgtac tccacctacg gcaagttect tgccgacggce gggtgctcag 4260
gaggtgctta tgacataata atttgtgacg agtgccactc cacggatgcc acatccatct 4320
tgggcatcgg cactgtcectt gaccaagcag agactgcggg ggcgagactg gttgtgectceg 4380
ccactgctac cccteccggge tecgtcactg tgtcecccatcece taacatcgag gaggttgcetce 4440
tgtccaccac cggagagatc cccttttacg gcaaggctat ccccctcgag gtgatcaagg 4500
ggggaagaca tctcatctte tgccactcaa agaagaagtg cgacgagctc gecgcgaage 4560
tggtcgcatt gggcatcaat gccgtggcect actaccgegg tcecttgacgtg tetgtcatce 4620
cgaccagcgg cgatgttgte gtegtgtcga ccgatgetet catgactgge tttaccggeg 4680
acttcgactc tgtgatagac tgcaacacgt gtgtcactca gacagtcgat ttcagccttg 4740
accctacctt taccattgag acaaccacgc tcccccagga tgctgtctee aggactcaac 4800
geeggggcayg gactggcagg gggaagccag gcatctatag atttgtggca cecgggggage 4860
gccecteegyg catgttcgac tcegtceccgtece tetgtgagtyg ctatgacgeg ggetgtgett 4920
ggtatgagcet cacgcccgee gagactacag ttaggctacg agegtacatg aacaccccegg 4980
ggcttcecegt gtgccaggac catcttgaat tttgggaggg cgtctttacg ggectcactce 5040
atatagatgc ccacttttta tcccagacaa agcagagtgg ggagaacttt ccttacctgg 5100
tagcgtacca agccaccgtg tgcgctaggg ctcaagccee teccccateyg tgggaccaga 5160
tgtggaagtg tttgatccge cttaaaccca ccctceccatgg geccaacacce ctgctataca 5220
gactgggcge tgttcagaat gaagtcaccc tgacgcaccc aatcaccaaa tacatcatga 5280
catgcatgtc ggccgacctyg gaggtcgtca cgagcacctg ggtgctcegtt ggcggcegtcece 5340
tggctgcectcet ggccgcgtat tgcctgtcaa caggctgegt ggtcatagtg ggcaggatcg 5400
tcttgtecgg gaagecggca attatacctg acagggaggt tcectctaccag gagttcgatg 5460
agatggaaga gtgctctcag cacttaccgt acatcgagca agggatgatg ctcgctgagce 5520
agttcaagca gaaggccctce ggcctectge agaccgegte ccgccatgca gaggttatca 5580
ccectgetgt ccagaccaac tggcagaaac tcgaggtett ttgggcgaag cacatgtgga 5640
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atttcatcag tgggatacaa tacttggcgg gcctgtcaac gectgecctggt aaccccgeca 5700
ttgcttcatt gatggctttt acagctgccg tcaccagecc actaaccact ggccaaaccce 5760
tcetettecaa catattgggg gggtgggtgg ctgcccaget cgccgeccee ggtgecgceta 5820
ctgcctttgt gggtgctgge ctagcetggceg ccgccategg cagcecgttgga ctggggaagg 5880
tcetegtgga cattecttgca gggtatggceg cgggcgtgge gggagcectctt gtagcattca 5940
agatcatgag cggtgaggtc ccctccacgg aggacctggt caatctgctg cccgcecatcce 6000
tctegectgg agcececttgta gteggtgtgg tcectgcgcage aatactgcge cggcacgttg 6060
geeegggega gggggcagtyg caatggatga accggctaat agecttegec teccggggga 6120
accatgttte ccccacgcac tacgtgecgg agagcgatge agecgeccge gtcactgcca 6180
tactcagcag cctcactgta acccagctce tgaggcgact gcatcagtgg ataagctegg 6240
agtgtaccac tccatgctcc ggttcecctgge taagggacat ctgggactgg atatgcgagg 6300
tgctgagcga ctttaagacc tggctgaaag ccaagctcat gccacaactg cctgggattce 6360
cctttgtgte ctgccagege gggtataggg gggtctggceg aggagacggce attatgcaca 6420
ctcgectgeca ctgtggaget gagatcactg gacatgtcaa aaacgggacg atgaggatcg 6480
tcggtectag gacctgcagg aacatgtgga gtgggacgtt ccccattaac gectacacca 6540
cgggccectg tactccceett ccectgecgecga actataagtt cgcecgetgtgg agggtgtcetg 6600
cagaggaata cgtggagata aggcgggtgg gggacttcca ctacgtatcg ggtatgacta 6660
ctgacaatct taaatgcccg tgccagatce catcgcccga atttttcaca gaattggacg 6720
gggtgcgect acacaggttt gcgeccccectt gcaageccctt getgcgggag gaggtatcat 6780
tcagagtagg actccacgag tacccggtgg ggtcgcaatt accttgcgag cccgaaccgg 6840
acgtagccgt gttgacgtcc atgctcactg atcecctecca tataacagca gaggcggcecg 6900
ggagaaggtt ggcgagaggg tcaccccctt ctatggccag ctectcegget agccagetgt 6960
ccgctecate tcectcaaggca acttgcaccg ccaaccatga ctccecctgac gecgagcetca 7020
tagaggctaa cctcectgtgg aggcaggaga tgggcggcaa catcaccagg gttgagtcag 7080
agaacaaagt ggtgattctg gactccttcg atcecgcttgt ggcagaggag gatgagcggg 7140
aggtctcecgt acctgcagaa attctgcgga agtctcggag attcgeccgg gecctgececg 7200
tetgggegeg gecggactac aaccccecge tagtagagac gtggaaaaag cctgactacg 7260
aaccacctgt ggtccatgge tgcccgctac cacctccacg gtccectect gtgectecege 7320
ctcggaaaaa gcgtacggtyg gtectcaccg aatcaaccct atctactgece ttggcecgagce 7380
ttgccaccaa aagttttggc agctcctcaa ctteccggcat tacgggcgac aatacgacaa 7440
catcctetga geccgecect tetggetgcee ccecccgacte cgacgttgag tectattcett 7500
ccatgeccee cctggagggyg gagectgggg atccggatet cagegacggyg tcatggtcga 7560
cggtcagtag tggggccgac acggaagatg tcgtgtgcetg ctcaatgtcet tattcctgga 7620
caggcgcact cgtcaccccg tgcgctgegg aagaacaaaa actgcccatc aacgcactga 7680
gcaactcgtt gctacgccat cacaatctgg tgtattccac cacttcacgc agtgcttgece 7740
aaaggcagaa gaaagtcaca tttgacagac tgcaagttct ggacagccat taccaggacg 7800
tgctcaagga ggtcaaagca gcggcgtcaa aagtgaaggce taacttgcta tccgtagagg 7860
aagcttgcag cctgacgccce ccacattcag ccaaatccaa gtttggctat ggggcaaaag 7920
acgtcegttg ccatgccaga aaggccgtag cccacatcaa ctcegtgtgg aaagacctte 7980
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tggaagacag tgtaacacca
ttcagcectga gaaggggggt
tgcgegtgty cgagaagatg
tgggaagcte ctacggatte
cgtggaagtce caagaagacc
cagtcactga gagcgacatc
cccaageceg cgtggecate
ccaattcaag gggggaaaac
ctagetgtgyg taacacccte
ggctccagga ctgcaccatg
cgggggtcca ggaggacgcg
cecgececece cggggaccod
cctecaacgt gtcagtegec
accctacaac cceectegeg
cctggetagyg caacataatce
cccatttett tagegtecte
tctacggage ctgctactee
atggcctcag cgcattttca
catgcctcag aaaacttggg
tcegegetag gettetgtee
actgggcagt aagaacaaag
tgtceggtty gttcacgget
ceceggecceyg ctggttetgg
tcctecccaa ccgatgaagg
tttttttttt ttttttttet
tttettttte ccttetttaa
aggtccegtga gccgcatgac
<210> SEQ ID NO 7

<211> LENGTH: 31
<212> TYPE: DNA

<213> ORGANISM: Hepatitis C virus

<400> SEQUENCE: 7

atagacacta

cgtaagccag

gecctgtacy

caatactcac

ccgatggggt

cgtacggagg

aagtcectca

tgcggcetace

acttgctaca

ctcegtgtgty

gegagectga

ccacaaccag

cacgacggeg

agagccgegt

atgtttgece

atagccaggg

atagaaccac

ctccacagtt

gtcecgeect

agaggaggea

ctcaaactca

ggctacagcg

ttttgcctac

ttggggtaaa

tttttetttt

tggtggctee

tgcagagagt

ccatcatgge

ctcgteteat

acgtggttag

caggacagcg

tctegtatga

aggcaattta

ctgagaggcet

gcaggtgccg

tcaaggceeg

gcgacgactt

gagccttcac

aatacgactt

ctggaaagag

gggagacagc

ccacactgtyg

atcagcttga

tggatctacc

actctecagyg

tgcgagettyg

gggetgetat

ctccaatage

ggggagacat

tcctgetege

cactceggec

tttttttett

atcttagece

getgatactyg

ggctacageg gggggagaca tttatcacag ¢

<210> SEQ ID NO 8
<211> LENGTH: 30
<212> TYPE: DNA

<213> ORGANISM: Hepatitis C virus

<400> SEQUENCE: 8

tcatgegget cacggacctt
<210> SEQ ID NO 9

<211> LENGTH: 38
<212> TYPE: DNA

<213> ORGANISM: Hepatitis C virus

tcacagctag

caagaacgag gttttctgeg

cgtgttececce gacctgggey

caagctccce ctggecgtga

ggttgaatte ctegtgcaag

tacccgetgt tttgactceca

ccaatgttgt gacctggacc

ttatgttggg ggccctcetta

cgcgagegge gtactgacaa

ggcagectgt cgagccgcag

agtcgttatce tgtgaaagtg

ggaggctatg accaggtact

ggagcttata acatcatgcet

ggtctactac cttaccegtg

aagacacact ccagtcaatt

ggcgaggatg atactgatga

acaggctett aactgtgaga

tccaatcatt caaagactcc

tgaaatcaat agggtggccg

gagacacegg gcccggageg

atgtggcaag tacctcttca

ggcegetgge cggcetggact

ttatcacagc gtgtctcatg

tgcaggggta ggcatctacc

tcttaageca tttectgttt

tcectttectt ctttttttec

tagtcacgge tagctgtgaa

gectetetge agatcatgt

8040

8100

8160

8220

8280

8340

8400

8460

8520

8580

8640

8700

8760

8820

8880

8940

9000

9060

9120

9180

9240

9300

9360

9420

9480

9540

9599

31

30
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<400> SEQUENCE: 9

gtccaagett atcacagegt gtctcatgec cggecccg
<210> SEQ ID NO 10

<211> LENGTH: 39

<212> TYPE: DNA

<213> ORGANISM: Hepatitis C virus

<400> SEQUENCE: 10

cgtectetaga ggacctttea cagetageeg tgactaggg
<210> SEQ ID NO 11

<211> LENGTH: 38

<212> TYPE: DNA

<213> ORGANISM: Hepatitis C virus

<400> SEQUENCE: 11

tgaaggttgg ggtaaacact ccggectett aggecatt
<210> SEQ ID NO 12

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Hepatitis C virus

<400> SEQUENCE: 12

acatgatctyg cagagaggcce agtatcagca ctcete
<210> SEQ ID NO 13

<211> LENGTH: 46

<212> TYPE: DNA

<213> ORGANISM: Hepatitis C virus

<400> SEQUENCE: 13

gtccaagett acgcgtaaac actccggect ccttaageca ttectg
<210> SEQ ID NO 14

<211> LENGTH: 47

<212> TYPE: DNA

<213> ORGANISM: Hepatitis C virus

<400> SEQUENCE: 14

cgtctetaga catgatctge agagaggeca gtatcageac tcetetge
<210> SEQ ID NO 15

<211> LENGTH: 67

<212> TYPE: DNA

<213> ORGANISM: Hepatitis C virus

<400> SEQUENCE: 15

ttttttttge ggccgectaat acgactcact atagecagec cectgatggg ggcgacacte
caccatg

<210> SEQ ID NO 16

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Hepatitis C virus

<400> SEQUENCE: 16

actgtcttca cgcagaaage gtctagecat

<210> SEQ ID NO 17

38

39

38

35

46

47

60

67

30
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<211> LENGTH: 43

<212> TYPE: DNA

<213> ORGANISM: Hepatitis C virus
<400> SEQUENCE: 17

cgtctetaga caggaaatgg cttaagagge cggagtgttt
<210> SEQ ID NO 18

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Hepatitis C virus
<400> SEQUENCE: 18

gectattgge ctggagtggt tagetce

<210> SEQ ID NO 19

<211> LENGTH: 40

<212> TYPE: DNA

<213> ORGANISM: Hepatitis C virus
<400> SEQUENCE: 19

aggatggcct taaggectgg agtggttage tceccegttea
<210> SEQ ID NO 20

<211> LENGTH: 39

<212> TYPE: DNA

<213> ORGANISM: Hepatitis C virus
<400> SEQUENCE: 20

cgtcatcgat cctcageggg catatgecact ggacacgga
<210> SEQ ID NO 21

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Hepatitis C virus
<400> SEQUENCE: 21

catgcaccag ctgatatage gcttgtaata tg
<210> SEQ ID NO 22

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Hepatitis C virus
<400> SEQUENCE: 22

tcegtagagg aagcttgeag cctgacgecce
<210> SEQ ID NO 23

<211> LENGTH: 34

<212> TYPE: DNA

<213> ORGANISM: Hepatitis C virus
<400> SEQUENCE: 23

gtacttgcca catatagcag ccctgectee tetg
<210> SEQ ID NO 24

<211> LENGTH: 34

<212> TYPE: DNA

<213> ORGANISM: Hepatitis C virus

<400> SEQUENCE: 24

cagaggaggc agggctgcta tatgtggecaa gtac

acc

43

26

40

39

32

30

34

34
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<210> SEQ ID NO 25

<211> LENGTH: 43

<212> TYPE: DNA

<213> ORGANISM: Hepatitis C virus

<400> SEQUENCE: 25

cgtctetaga caggaaatgg cttaagagge cggagtgttt acce 43
<210> SEQ ID NO 26

<211> LENGTH: 36

<212> TYPE: DNA

<213> ORGANISM: Hepatitis C virus

<400> SEQUENCE: 26

tgcaattgga ctcgaggaga gcgctgtaac ttggag 36
<210> SEQ ID NO 27

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Hepatitis C virus

<400> SEQUENCE: 27

cggtccaagg catatgeteg tggtggtaac gecag 35
<210> SEQ ID NO 28

<211> LENGTH: 35

<212> TYPE: PRT

<213> ORGANISM: Hepatitis C virus

<400> SEQUENCE: 28

Ala Gly Val Asp Gly Glu Thr His Thr Thr Gly Arg Val Ala Gly His
1 5 10 15

Thr Thr Ser Gly Phe Thr Ser Leu Phe Ser Ser Gly Ala Ser Gln Lys
20 25 30

Ile Gln Leu
35

<210> SEQ ID NO 29

<211> LENGTH: 19

<212> TYPE: PRT

<213> ORGANISM: Hepatitis C virus

<400> SEQUENCE: 29

Gly Trp Gly Pro Ile Thr Tyr Thr Lys Pro Asn Ser Ser Asp Gln Arg
1 5 10 15

Pro Tyr Cys

<210> SEQ ID NO 30

<211> LENGTH: 35

<212> TYPE: PRT

<213> ORGANISM: Hepatitis C virus

<400> SEQUENCE: 30

Ala Gly Val Asp Gly Glu Thr His Thr Thr Gly Arg Val Ala Gly His
1 5 10 15

Thr Thr Ser Arg Phe Thr Ser Leu Phe Ser Ser Gly Ala Ser Gln Lys
20 25 30

Ile Gln Leu
35

<210> SEQ ID NO 31
<211> LENGTH: 19
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<212> TYPE: PRT
<213> ORGANISM: Hepatitis C virus

<400> SEQUENCE: 31

Gly Trp Gly Pro Ile Thr Tyr Thr Glu Pro Asn Ser Ser Asp Gln Arg
1 5 10 15

Pro Tyr Cys

<210> SEQ ID NO 32

<211> LENGTH: 35

<212> TYPE: PRT

<213> ORGANISM: Hepatitis C virus

<400> SEQUENCE: 32

Ala Gly Val Asp Gly Glu Thr His Thr Thr Gly Arg Val Val Gly His
1 5 10 15

Thr Thr Ser Gly Phe Thr Ser Leu Phe Ser Ser Gly Ala Ser Gln Lys
20 25 30

Ile Gln Leu
35

<210> SEQ ID NO 33

<211> LENGTH: 19

<212> TYPE: PRT

<213> ORGANISM: Hepatitis C virus

<400> SEQUENCE: 33

Gly Trp Gly Pro Ile Thr Tyr Thr Gly Pro Asn Ser Ser Asp Gln Arg
1 5 10 15

Pro Tyr Cys

<210> SEQ ID NO 34

<211> LENGTH: 35

<212> TYPE: PRT

<213> ORGANISM: Hepatitis C virus

<400> SEQUENCE: 34

Ala Gly Val Asp Gly Glu Thr His Thr Thr Gly Arg Val Val Gly Arg
1 5 10 15

Thr Thr Ser Gly Phe Thr Ser Leu Phe Ser Ser Gly Ala Ser Gln Lys
20 25 30

Ile Gln Leu
35

<210> SEQ ID NO 35

<211> LENGTH: 19

<212> TYPE: PRT

<213> ORGANISM: Hepatitis C virus

<400> SEQUENCE: 35

Gly Trp Gly Pro Ile Ala Tyr Thr Glu Pro Asn Ser Ser Asp Gln Arg
1 5 10 15

Pro Tyr Cys

<210> SEQ ID NO 36

<211> LENGTH: 35

<212> TYPE: PRT

<213> ORGANISM: Hepatitis C virus

<400> SEQUENCE: 36

Ala Gly Val Asp Gly Thr Thr Tyr Thr Ser Gly Gly Val Ala Gly Arg
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1 5 10 15

Thr Thr Ser Gly Phe Thr Ser Leu Phe Ser Pro Gly Ala Ser Gln Lys
20 25 30

Ile Gln Leu
35

<210> SEQ ID NO 37

<211> LENGTH: 35

<212> TYPE: PRT

<213> ORGANISM: Hepatitis C virus

<400> SEQUENCE: 37

Thr Gly Val Asp Gly Thr Thr Tyr Thr Ser Gly Gly Ala Ala Gly Arg
1 5 10 15

Thr Thr Ser Gly Phe Thr Ser Leu Phe Ser Ser Gly Ala Ser Gln Lys
20 25 30

Ile Gln Leu
35

<210> SEQ ID NO 38

<211> LENGTH: 35

<212> TYPE: PRT

<213> ORGANISM: Hepatitis C virus

<400> SEQUENCE: 38

Thr Gly Val Asp Gly Thr Thr Tyr Thr Ser Gly Gly Val Ala Gly Arg
1 5 10 15

Thr Thr Ser Gly Phe Thr Ser Leu Phe Ser Ser Gly Ala Ser Gln Lys
20 25 30

Ile Gln Leu
35

<210> SEQ ID NO 39

<211> LENGTH: 19

<212> TYPE: PRT

<213> ORGANISM: Hepatitis C virus

<400> SEQUENCE: 39

Gly Trp Gly Pro Ile Thr His Thr Glu Pro Asn Ser Ser Asp Gln Arg
1 5 10 15

Pro Tyr Cys

<210> SEQ ID NO 40

<211> LENGTH: 19

<212> TYPE: PRT

<213> ORGANISM: Hepatitis C virus

<400> SEQUENCE: 40

Gly Trp Gly Pro Ile Thr Tyr Thr Gly Pro Asp Ser Leu Asp Gln Arg
1 5 10 15

Pro Tyr Cys

<210> SEQ ID NO 41

<211> LENGTH: 35

<212> TYPE: PRT

<213> ORGANISM: Hepatitis C virus

<400> SEQUENCE: 41

Ala Gly Val Asp Gly Ala Thr Tyr Thr Ser Gly Gly Val Ala Gly Arg
1 5 10 15
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Thr Thr Ser Gly Phe Thr Ser Leu Phe Ser Ser Gly Ala Ser Gln Lys
20 25 30

Ile Gln Leu
35

<210> SEQ ID NO 42

<211> LENGTH: 19

<212> TYPE: PRT

<213> ORGANISM: Hepatitis C virus

<400> SEQUENCE: 42

Gly Trp Gly Pro Ile Thr Tyr Thr Glu Pro Asn Ser Pro Asp Gln Arg
1 5 10 15

Pro Tyr Cys

<210> SEQ ID NO 43

<211> LENGTH: 35

<212> TYPE: PRT

<213> ORGANISM: Hepatitis C virus

<400> SEQUENCE: 43

Ala Gly Val Asp Gly Lys Thr Tyr Thr Ser Gly Gly Ala Ala Ser His
1 5 10 15

Thr Thr Ser Arg Phe Thr Ser Leu Phe Ser Pro Gly Ala Ser Gln Arg
20 25 30

Ile Gln Leu
35

<210> SEQ ID NO 44

<211> LENGTH: 19

<212> TYPE: PRT

<213> ORGANISM: Hepatitis C virus

<400> SEQUENCE: 44

Gly Trp Gly Pro Ile Thr Tyr Thr Glu Ser Gly Ser Arg Asp Gln Arg
1 5 10 15

Pro Tyr Cys

<210> SEQ ID NO 45

<211> LENGTH: 35

<212> TYPE: PRT

<213> ORGANISM: Hepatitis C virus

<400> SEQUENCE: 45

Ala Gly Val Asp Gly Glu Thr Tyr Thr Ser Gly Gly Ala Ala Ser His
1 5 10 15

Thr Thr Ser Thr Leu Ala Ser Leu Phe Ser Pro Gly Ala Ser Gln Arg
20 25 30

Ile Gln Leu
35

<210> SEQ ID NO 46

<211> LENGTH: 19

<212> TYPE: PRT

<213> ORGANISM: Hepatitis C virus

<400> SEQUENCE: 46

Gly Trp Gly Pro Ile Thr Tyr Thr Glu Pro Asp Ser Pro Asp Gln Arg
1 5 10 15

Pro Tyr Cys



US 7,846,454 B2
113 114

-continued
<210> SEQ ID NO 47
<211> LENGTH: 341
<212> TYPE: DNA
<213> ORGANISM: Hepatitis C virus
<400> SEQUENCE: 47
gecageccee gattggggge gacactccac catagatcac tceccctgtga ggaactactg 60
tcttecacgca gaaagegtcet agccatggeg ttagtatgag tgtcegtgcag cctecaggac 120
ccecectece gggagageca tagtggtetg cggaaccggt gagtacaccyg gaattgecag 180
gacgaccggyg tectttettg gatcaaccceg ctcaatgect ggagatttgg gegtgccccece 240
gcgagactge tageccgagta gtgttgggtce gegaaaggec ttgtggtact gectgatagg 300
gtgcttgcga gtgccceggg aggtctegta gaccgtgcac ¢ 341
<210> SEQ ID NO 48
<211> LENGTH: 341
<212> TYPE: DNA
<213> ORGANISM: Hepatitis C virus
<400> SEQUENCE: 48
gecageccee tgatggggge gacactccac catgaatcac teccctgtga ggaactactg 60
tcttecacgca gaaagegtcet agccatggeg ttagtatgag tgtcegtgcag cctecaggac 120
ccecectece gggagageca tagtggtetg cggaaccggt gagtacaccyg gaattgecag 180
gacgaccggyg tectttettg gatcaaccceg ctcaatgect ggagatttgg gegtgccccece 240
gcgagactge tageccgagta gtgttgggtce gegaaaggec ttgtggtact gectgatagg 300
gtgcttgcga gtgccceggg aggtctegta gaccgtgcac ¢ 341
<210> SEQ ID NO 49
<211> LENGTH: 341
<212> TYPE: DNA
<213> ORGANISM: Hepatitis C virus
<400> SEQUENCE: 49
gecageccee tgatggggge gacactccac catgaatcac teccctgtga ggaactactg 60
tcttecacgca gaaagegtcet agccatggeg ttagtatgag tgtcegtgcag cctecaggac 120
ccecectece gggagageca tagtggtetg cggaaccggt gagtacaccyg gaattgecag 180
gacgaccggyg tectttettg gataaaccceg ctcaatgect ggagatttgg gegtgccccece 240
gcaagactge tagccgagta gtgttgggtce gcgaaaggec ttgtggtact gectgatagg 300
gtgcttgcga gtgccceggg aggtctegta gaccgtgcac ¢ 341
<210> SEQ ID NO 50
<211> LENGTH: 41
<212> TYPE: DNA
<213> ORGANISM: Hepatitis C virus
<400> SEQUENCE: 50
tgaacgggga gctaaccact ccaggccaat aggecttect g 41

<210> SEQ ID NO 51

<211> LENGTH: 42

<212> TYPE: DNA

<213> ORGANISM: Hepatitis C virus

<400> SEQUENCE: 51

tgaacgggga gctaaccact ccaggectta agecatttee tg 42
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<210> SEQ ID NO 52

<211> LENGTH: 43

<212> TYPE: DNA

<213> ORGANISM: Hepatitis C virus
<400> SEQUENCE: 52

tgaaggttgg ggtaaacact ccggectett aagecattte ctg
<210> SEQ ID NO 53

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Hepatitis C virus
<400> SEQUENCE: 53

ggtggcteca tcettag

<210> SEQ ID NO 54

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Hepatitis C virus
<400> SEQUENCE: 54

aatggtggcet ccatcttag

<210> SEQ ID NO 55

<211> LENGTH: 82

<212> TYPE: DNA

<213> ORGANISM: Hepatitis C virus
<400> SEQUENCE: 55

cectagtcac ggctagetgt gaaaggtecg tgagecgcat gactgcagag agtgetgata

ctggectete tgcagatcat gt

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 56

LENGTH: 40

TYPE: DNA

ORGANISM: Hepatitis C virus

SEQUENCE: 56

aggttggggt aaacactccg gectcttaag ccatttectg

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 57

LENGTH: 81

TYPE: DNA

ORGANISM: Hepatitis C virus

SEQUENCE: 57

tttttttttt tttttttttt ttttttttet tttttttttt ctttccttte cttetttttt
tecetttettt tteccttett t

<210> SEQ ID NO 58

<211> LENGTH: 101

<212> TYPE: DNA

<213> ORGANISM: Hepatitis C virus

<400> SEQUENCE: 58

aatggtggcet ccatcttage cctagtcacg getagetgtg aaaggtcegt gagccegcatg

actgcagaga gtgctgatac tggectectet geagatcatg t

<210> SEQ ID NO 59

43

16

19

60

82

40

60

81

60

101
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<211> LENGTH: 127

<212> TYPE: DNA

<213> ORGANISM: Hepatitis C virus

<400> SEQUENCE: 59

tgaaggttgg ggtaaacact ccggectett aagccattte ctgttttttt tttttttttt
tttttttttt tcectttttttt tttctttect ttecttettt tttteccttte tttttecctt
ctttaat

<210> SEQ ID NO 60

<211> LENGTH: 183

<212> TYPE: DNA

<213> ORGANISM: Hepatitis C virus

<400> SEQUENCE: 60

tgaaggttgg ggtaaacact ccggectett aagccattte ctgttttttt tttttttttt
tttttttttt tcectttttttt tttctttect ttecttettt tttteccttte tttttecctt
ctttaatggt ggctecatct tagecctagt cacggctage tgtgaaaggt ccegtgagecg
cat

<210> SEQ ID NO 61

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Hepatitis C virus

<400> SEQUENCE: 61

tgagcegecat gactgcagag agtgctgata ctggectcete tgcagatcat gt

<210> SEQ ID NO 62

<211> LENGTH: 105

<212> TYPE: DNA

<213> ORGANISM: Hepatitis C virus

<400> SEQUENCE: 62

tgaaattggt ggctccatct tagecctagt cacggctage tgtgaaaggt ccgtgagecg
catgactgca gagagtgetg atactggect ctetgeagat catgt

<210> SEQ ID NO 63

<211> LENGTH: 176

<212> TYPE: DNA

<213> ORGANISM: Hepatitis C virus

<400> SEQUENCE: 63

tgaaggttgg ggtaaacact ccggectett aagccattte ctgttttttt tttttttttt
tttttttttt tcectttttttt tttctttect ttecttettt tttteccttte tttttecctt
ctttaatgce gcatgactge agagagtgct gatactggec tcetetgcaga tcatgt
<210> SEQ ID NO 64

<211> LENGTH: 200

<212> TYPE: DNA

<213> ORGANISM: Hepatitis C virus

<400> SEQUENCE: 64

tgacttaagce catttcctgt tttttttttt tttttttttt tttttttett tttttttttce
tttcctttee ttettttttt cctttetttt teecttettt aatggtggct ccatcttage
cctagtcacyg gctagetgtg aaaggtcegt gagecgeatg actgcagaga gtgctgatac

tggcctetet gcagatcatg

60

120

127

60

120

180

183

52

60

105

60

120

176

60

120

180

200
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<210>
<211>
<212>
<213>

SEQ ID NO 65

LENGTH: 144

TYPE: DNA

ORGANISM: Hepatitis C virus
<400>

SEQUENCE: 65

tgaaggttgg ggtaaacact ccggectett aagecattte ctgaatggtyg getccatcett

agccctagte acggctaget gtgaaaggte cgtgagecge atgactgcag agagtgcetga

tactggccte tctgecagate atgt

60

120

144

What is claimed is:

1. A composition comprising a purified and isolated
nucleic acid molecule, which encodes a chimeric human
hepatitis C virus (HCV);

wherein expression of said nucleic acid molecule when

operably linked to a promoter and transfected into cells
results in production of the chimeric HCV; and

wherein said nucleic acid molecule is producible by a

process comprising the step of:

beginning with a HCV1a genomic nucleic acid encoding

SEQ ID NO: 1, replacing the nucleic acid sequence that
encodes at least one structural HCV1a protein with a the
nucleic acid sequence that encodes the corresponding at
least one structural HCV protein from the genome of an
HCV from a genotype or a subtype different from
HCV1a, to produce said nucleic acid molecule.

2. The composition according to claim 1, wherein said
HCV1a genomic nucleic acid comprises SEQ ID NO:2.

3. The composition according to claim 1, wherein the pro-
cess further comprises the step of inserting said nucleic acid
molecule encoding the chimeric HCV into a cassette vector
having the promoter upstream of the insertion site of said
nucleic acid molecule.

4. The composition according to claim 3, wherein the cas-
sette vector is pCV.

5. The composition according to claim 3, wherein the cas-
sette vector contains one or more expressible marker genes.

6. The composition according to claim 3, wherein the pro-
moter is a eukaryotic promoter.

7. The composition according to claim 3, wherein the pro-
moter is a bacterial promoter.

8. The composition according to claim 3, wherein the pro-
moter is a bacteriophage promoter.

9. The composition according to claim 8, wherein the bac-
teriophage promoter is a bacteriophage T7 promoter.

10. The composition according to claim 1, wherein the
process further comprises the step of inserting said nucleic
acid molecule encoding the chimeric HCV into a DNA con-
struct capable of producing an RNA transcript of said nucleic
acid molecule.

11. The composition according to claim 1, further compris-
ing the chimeric HCV encoded by said nucleic acid molecule.

12. The composition according to claim 1, wherein the
different genotype or the different serotype is HCV1b.

13. The composition according to claim 12, wherein said
nucleic acid molecule comprises SEQ ID NO:6.

14. The composition according to claim 12, wherein said
nucleic acid molecule encodes the amino acid sequence of
SEQ ID NO:5.
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15. A composition comprising a purified and isolated
nucleic acid molecule, which encodes a chimeric human
HCV,

wherein expression of said nucleic acid molecule when

operably linked to a promoter and transfected into cells
results in production of the chimeric HCV; and

wherein said nucleic acid molecule is producible by a

process comprising the step of:

beginning with a HCV1a genomic nucleic acid encoding

SEQ ID NO: 1, replacing the nucleic acid sequence that
encodes at least one nonstructural HCV1a protein with
the nucleic acid sequence that encodes the correspond-
ing at least one nonstructural HCV protein from the
genome of an HCV from a genotype or a subtype differ-
ent from HCV 1a, to produce said nucleic acid molecule.

16. The composition of claim 15, wherein the nonstructural
HCYV protein is selected from the group consisting of NS3
protease, E1, E2 and NS4 proteins.

17. The composition according to claim 15, wherein said
HCV1a genomic nucleic acid comprises SEQ ID NO:2.

18. The composition according to claim 15, wherein the
process further comprises the step of inserting said nucleic
acid molecule encoding the chimeric HCV into a cassette
vector having the promoter upstream of the insertion site of
said nucleic acid molecule.

19. The composition according to claim 18, wherein the
cassette vector is pCV.

20. The composition according to claim 18, wherein the
cassette vector contains one or more expressible marker
genes.

21. The composition according to claim 18, wherein the
promoter is a eukaryotic promoter.

22. The composition according to claim 18, wherein the
promoter is a bacterial promoter.

23. The composition according to claim 18, wherein the
promoter is a bacteriophage promoter.

24. The composition according to claim 23, wherein the
bacteriophage promoter is a bacteriophage T7 promoter.

25. The composition according to claim 15, wherein the
process further comprises the step of inserting said nucleic
acid molecule encoding the chimeric HCV into a DNA con-
struct capable of producing an RNA transcript of said nucleic
acid molecule.

26. The composition according to claim 15, further com-
prising the chimeric HCV encoded by said nucleic acid mol-
ecule.

27. The composition according to claim 15, wherein said
different genotype or serotype is HCV1b.
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28. A method for inducing an immune response comprising
administering to a mammal an effective amount of the com-
position according to claim 1, 15, 2-10, 11, 12-25, or 26 to
induce the immune response.
29. The method according to claim 28, wherein the mam-
mal is not infected with a hepatitis C virus.
30. The method according to claim 28, wherein the mam-
mal is infected with a hepatitis C virus.
31. A method for producing a chimeric human HCV mol-
ecule comprising the step of:
beginning with a HCV1a genomic nucleic acid encoding
SEQ ID NO: 1, replacing the nucleic acid sequence that
encodes at least one structural HCV1a protein with the
nucleic acid sequence that encodes the corresponding at
least one structural HCV protein from the genome of an
HCV from a genotype or a subtype different from
HCV1a, to produce said chimeric HCV molecule;

wherein expression of said chimeric HCV molecule when
operably linked to a promoter and transfected into cells
results in production of the chimeric HCV.
32. A method for producing a chimeric human HCV mol-
ecule comprising the step of:
beginning with a HCV1a genomic nucleic acid encoding
SEQ ID NO: 1, replacing the nucleic acid sequence that
encodes at least one nonstructural HCV protein with the
nucleic acid sequence that encodes the corresponding at
least one nonstructural HCV protein from the genome of
an HCV from a genotype or a subtype different from
HCV1a, to produce said chimeric HCV molecule;

wherein expression of said chimeric HCV molecule when
operably linked to a promoter and transfected into cells
results in production of the chimeric HCV.

33. The method according to claim 32, wherein the non-
structural HCV protein is selected from the group consisting
of NS3 protease, E1, E2 and NS4 proteins.
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34. A composition comprising a purified and isolated
nucleic acid molecule, which encodes a chimeric human
HCV,

wherein expression of said nucleic acid molecule when

operably linked to a promoter and transfected into cells
results in production of the chimeric HCV;

wherein said nucleic acid molecule is producible by a

process comprising the step of:

beginning with a HCV1b genomic nucleic acid encoding

SEQ ID NO:3, replacing the nucleic acid sequence that
encodes at least one HCV1b structural protein with the
nucleic acid sequence that encodes the corresponding at
least one structural protein from the genome of an HCV
from a genotype or a subtype different from HCV1b, to
produce said nucleic acid molecule.

35. The composition according to claim 34, wherein said
HCV1b genomic nucleic acid comprises SEQ ID NO:4.

36. A composition comprising a purified and isolated
nucleic acid molecule, which encodes a chimeric human
HCV,

wherein expression of said nucleic acid molecule when

operably linked to a promoter and transfected into cells
results in production of the chimeric HCV,

wherein said nucleic acid molecule is producible by a

process comprising the step of:

beginning with a HCV1b genomic nucleic acid encoding

SEQ ID NO:3, replacing the nucleic acid sequence that
encodes at least one nonstructural HCV1b protein with
the nucleic acid sequence that encodes the correspond-
ing at least one nonstructural protein from the genome of
an HCV from a genotype or a subtype different from
HCV1b, to produce said nucleic acid molecule.

37. The composition according to claim 36, wherein said
HCV1b genomic nucleic acid comprises SEQ ID NO:4.
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